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PREFACE 10 VOL. IV. 


Wirm the simultaneous issue of Quarterly No. XVIII. and 
the Extra No. XVIIIa., the Fourth Volume of the Second 
Series of the Professional Papers of Indian Engineering i is com- 
pleted: forming the 11th Volume of these papers, which - has 
been published since their commencement in 1863. 

The present Volume contains forty-three Articles on a variety 
of subjects connected with Engineering in India: most depart- 
mente of the profession being rapresented. even papers deal with 
Canals, Reservoirs, Rivers, or Hydraulic Engineering of some 
sort: Railway subjects occupy jive papers: four illustrate designs — 
for large Buildings: jive treat’ of the manufacture or testing of 
Cements: four are devoted to Building Materials: two to Ins- 
truments: seven deal with Mathematical investigations connected 
with matters of Engineering: and the remaining Ave relate to 
isolated, miscellaneous, professional questions. __ 

The longest and most important paper in this Volume is that 
furnished by Capt. A, Cunningham, RB.E., on the Hydraulic 
Experiments conducted by him in the winter of 1874-75. 
These Experiments—now about to be renewed—promise to be 
the most complete yet undertaken, and the most useful for 
Canal Engineers in this country: as they are in the hands of 
an officer of the highest mathematical ability, and eminently 
qualified for careful and. accurate experiment: who, moreover, 
having atudied . and.compared the modes of operation, and the 
records of results of the latest workers in this branch of research, 
can odpy what was most successful and avoid what was unsalis- 
factory. in. their working, and has at a in the “regular 
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channels, both in masonry and earth, of the Solani aqueduct, a 
body of water’ in uniform motion, and as euch far more euit- 
‘able for experiment and for practical resulta useful to Indian 
Canal Engineers, than the very small channels of MM. Darcy 
and Bazin, and the vast rivers on which Captain Humphreys 
and Lieutenant Abbot, end. also M. Revy ‘experimented. 

The Bengal famine of 1874 made large demands on the En- 
gineering resources of the country; and in connection with these, 
three interesting papers were communicated to thie journal: of 
which, that on the Durbungah Railway merits especial notice, 
as illustrating the rapidity with which a narrow-gauge railway 
of forty miles in length can be constructed on new ground, and 
far from the base of supplies: an interesting problem in connec- 
tion, not only with the exigencies of a famine, bat also with 
military operations. 

The question of railways for the Himalaya, or other lofty 
mountains, in our Indian possessions must before long claim the 
attention of Indian Engineers; and as a commencement of dis- 
cussions on this subject, the paper on “A Mountain Railway 
for the Nilgiri Hills” will well repay perusal. 

The increase of attention to the subject of Cements and Mor- 
tars within the laet few years in this eountry is remarkable, 
and its effects are plainly visible in the improved quality of 
building work in the P. W. D. Mr. Dejoux’s experiments in 
Calcutta have been conducted ona large scale, and’ have been 
noticed in previous numbers of this publication: in this Volume 
the extensive researches of Surgeon-Major Nicholson at Banga- 
lore are described at some length, and afford a valuable eontri- 
bution to our knowledge of the limes and cements of the 
Southern Presidency. | 

‘The first number of the next (No. V.) Volume will be temned 
in January, 1876: “the terms of subscription, fe, continue as 
at nt present. | 
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| PASSENGRE CARRIAGES FOR LIGHT (PROVINCIAL) 
; RAILWAYS. 


[ Tide Photograph]. 





Tue Government of the North-Western Provinces have embarked in the 
§nteresting experiment of making Light Provincial Railways for the 
éspecial accommodation of Native traffie: part of the capital required is 
being supplied by native Mahajune, and others, under a modified guarantee 
of 4 per cant. per aunum; thus giving those who are to use the railway 
for the conveyance of their goods, a direct interest in supplying it with 
traffic. These railways act as feeders to the main lines, and will be 
gtadually introduced all over tho Proviee, wherever there is traffic 
enough, and where the residents will come forward and help themselves, 
‘by subscribing towards the capital necessary. In a great nny places the 
‘cost of keeping up tive railway will be more than met by the receipts, but 
‘im other cases where the receipts at first may be deficient, t does nat 
follow that the Province will loge the money, for it will be less expansive 
to keep ap euch a railway than keep in good order a packs road ; that is | 
‘the cost of keeping up a pudka road will be more than the deficiency on 
a railway in a district where a good pucka toad wWonld be warranted by 
‘the traffic. The first line selected ic between Muttre and Hathrad, end 
‘the generahprinsipine which Wave guided the Goversuzeit are at filfows 2 
LE. ¥n designing the vehicles and ia the working of- the duffle, the 
pvc Fc aa aia a 


1%. is cameo he alii the clucges to capital ars to be 
(  &— Sinited to Gip shrict requirements neveisary for strength, dure- 
a bility anid comtentoncy, 
I es 
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THI. In making the railway, the charges to revenue are to_be kept 
as low as possible consistent with the safety of the: pubis 
' traffic. 
TV. The standard dimensions of the Metre Gange State Railways 
to be observed, in order to. admit of the future interchange 
of through traffic and rolling stock, - | 
‘V. The through speed. to be limited to ten miles par hour, including 
any stoppage under 15 minutes, but exolading any moppage 
longer than 15. wpinutes. a 

VI. The maximum weight per wheel. to he limited to at tons, 

In designing the rolling stock, the objects aimed at have been, to have 
as few varieties of vehicles as possible: for this purpose the carriages for 
the passenger traffic have been limited to two—a third and first class, or 
lower and upper clags; and these two carriages are the same in every 
respect, except the internal arrangements, which will be described further 
on. The brake van is nof a separate vehicle, but is part of a third class 
carriage. 

For the goods traffic, the a of vehicle is also limited to two-—a low 
sided goods wagon and a covered goods. These latter are to be in every 
respect the same.as those on use in the State Railways, except that. the 
roof of the covered goods wagon is. made of No. 18 gauge galvanized cor- 
rugated iron. 

In tho present Number i is givens Puikageiek of the sariple lower class 
carriage made up at the Canal Foundry and Workshops, Roorkee: the 
whole of this carriage including springs, wheels, axle-boxes, &e., have been 
made at Roorkee. The framing and outside planking are of teak, the 
seats and flooring of Geodar, and the inner roof of Pinus excelsa, The 
outer roof is-of No. 18 gauge corrugated getvanined iron, which makes. 
the only permanent. water-tight roof, 

_ It-qill be seen from the view given, that the entranies are im the ends, 

and that the onter roof comes over these. ends, protecting them and the 
end doors from the sun and rain ; there is also st each end a small plat" 
form enabling a person fe get from. one carrisge to ‘another when the 
train is in motion; this ‘allows the collection of: the: ticket, before the 
‘ frain. arrives at its destination, and ‘allows communication, between: the 
eonductor or guard, the engine. driver, and ibe. passengers. . ‘Inside the 
lower class passenger carriage, there is 8 pletion on gach side, with a. 
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“passage ‘between, 1' 4" wide. The platform is raised 1’ 5” above the floor, 
80 as to allow space for the passengers to stow their bundles in. At every 
§ feet there is a back going across the platform, so that the passengers 
ean lean against it: this also prevents crushing. Each compartment will 
hold four passengers, and as there are $3 compartments on each side, the 
carriage will hold 28 passengers. There i is aldo at each end on the plat- 
form a folding-down seat, which will accommodate two more passengers. 
_ Yhe wheels are 10 feet apart from centre to centre, and the entire length 
of the carriage ig 22’.42", The carriage is provided with the combined 
central buffer and draw bar, with self-acting coupling hook of the same 
pattern as thoss'on the State ‘Narrow-Gauge Railways. 
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DESIGN FOR THE MAHARAO RAI An's STATION eat 
“ULWAR. | | 
| [Vide Plates 1. to v1" 





By. Pevxsnss, Head Drafisman, Enpincer-te-Chisf"s Ofice, Rajpoo- 
tana State Railway, Dethi District. 





Desonterion. 


Unwar is the 12th Station on the Delhi District of the Rejpootana 
‘State Railway, and 97 miles from Delhi. 

It is a second class station, and situated about a mile from the city. 
The buildings consist of a passenger station, goods shed, tank house 
and other minor and miscellaneous buildings, and the style of architecture 
throughout i is modern. — 

In addition to these, it was firet proposed to erect a small private 
station for Hig Highneas the Maheraja, consisting of two rooms and & 
covered platform for his carriage and private party. | : | 

- However His Highness and Council decided to erect a much more. 
important ‘building, and one more suitable to his rank: accordingly. . 
sum of Rs, 80,000 was voted: towards its. erection, anid the design. left 
open to ‘competition ; ; Re. 500 being offered for the successful competitor, ' 

‘The premium was awarded, to the design submitted by Teckartmm,” 
which was selected snd approved on the 6th May, 1878: but the present 
| design shown ‘in the accompanying drawings, differs somewhat from that’ 
originally proposed: the Maharaa. Rajah efter selecting: the hatte, desir 
ing to have a larger building and more ontside. aeromino: pti poe 
a The design is in ‘the Hindoo, nizhe ¢ of. eieitoctore,: ‘the. details es ring a 
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Gaideding the omamentil works) be shod with an cooled eae 
to imitate polished marble. . aa Re 

_ dPbordij-—To conses of niseione Saguisg of wi omnsgintil silken, 
the several pieces to vary in ahape and color, #0 as to obntrast one with 
the dther} the whole to be laid with the Snset posable —_ ia be beet, 
mortar, over 6 inches of terracing. — 

. Doors. To be of the best teak wood, illo salad of omamental | 
brass plates, screwed to the woodwork, and glared | with plate. ames ob 


4nto plough grooves sunk in the woodwork. 


| Private enclosure.—The masonry to be of the best ‘rubble ia lime mor- 


ae odated with enamel plaster oarefully finished. 


Care to be taken that through bond stones extending the fall thickness 


of the wall should occur at distances of not more than 5 feet apart in 


every course, The flat superficies to be of plain eshlar, neatly chisel-dress- 
ed, and properly squared, the mouldings to be accurately cut, and the 


' ariges to be sharp and true; the carved work to be correctly wrought, and 
all ornaments to represent correct types of the style of architecture in 

_ which the building is designed. The whole of the masonry to be laid in 
_ the very best mortar procurable. 


. Roofing—The rooms and verandah in the station building (save the — | 


‘central hall, which is to be domed) to be vaulted or arched as shown in 
the section, (Plate IV.,) the arches to be of the best pucka bricks laid in 


Time mortar, built in concentric rings, and plastered internally. — 
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; ‘8008. Concrete i m foundation, at Ra, 18 per 100, ace eae ree oon ; 641 . 


28, 187 Stone masonry, at Res, 26 per 100, nee see oon eee eee 6,567 
2,562 Dome inclading centring, at Ra. 60 per 100, ore tess, 887 


ae S74 Arching, at Ra, 90 per 100, one awe est 88 bee vee . 202 
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8,218 Hong sandstone at Re. 2 per foot,,..  9ee Tt a, neg 16,430 
a. ee ee 


ied Drewing and carving hea halrtaladce meee 18,198 
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ak F Bronght forward, 


1,600 Sandstone Rooring, at Rs, 80 per 100, one 
400 Doors, at Ra, 4 per foot, eee nee eee 
mds. are, 
286 86 Jronwork in girders, at Bs. 14 per maund, ce 
No. 
2 Gates for private entrance, at Ra. 200 each, ,.. 
8 Kaias or pinnacles, at Ra. 200 each, ... ove 
i Roof of ventilator, at Rs. 30, eee eee 
a. ft. 


1,897 Terrace roofing of shed, at Rs. 10 per 100, ... 
* 


Total, 


Contingencies, at Rs, 5 per cent., 
Grand Total, Rs., 


RA, 

we 686,001 
ose 480: 
0 1,600 
oon 8,817 
oon 480 
eee 600 
#00 30 
nee 146 
ee 61,568 
eee 8,078 
ove 64,646 
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RAJBAHA VELOCITIES AND DISCHARGES. 


Prepared by Mason A.M. Buanorers, B.E., ond recomguted for the 
Punjab Irrigation Department under superintendence of Cxtre. 
Actan Coyninenan, R.E. 








Tazen Tables have been computed from the following data eof ornrcis Sete 


Data,— Required, 
Channel trapezoidal — ore tee A = Aren in sguare feet. 
slopes 1-5 to 1, (4. e, — ron) | BR se Hydrauhe Mean Depth in feet. 
pee Ne aes a (3 “s “T vertical V = Mean velocity tn sect per second, 
cacti feet. D = Discharge wn cubic feet per second 
@ wz depth of water in feet. C == Co-efficient taken. 


Jz fall of channel in 5000 feet 2n fact. __ 
Formula used in computaton. 


A=m(s+$d)a 
R= A 

b+ 8 06d 

eee... emer 7 
V= S/T 4 17066 R 


D = AV. } 


C=a1+- 7 i ‘90008588 4 2008 


Thm formula for V is modified from one given in “ Professional Papers on Indias 
Engineoring,” Firat Series, No. CKCVIL., (by the late Lieut..Col, J, C, Anderson, 
== 00085 (-2488 + 5) 
ne suitable (on Barin’s authority) for channels whose “ Bed and sides are of earth.” 
The form here given is more suited fot computation of the Tables. 
Tha oyefficient C (which forms the last column of the Tables) is simply the square 


root of the reciprocal of 00086 (-2488 + © ), xo that U aw C A/T, 


whenre V =z C, fax X 

hag cde ag Palaenl e ed gag The new 
Edition bas been entirely recomputed by 

mi ieee a The numbers in fia colany 
Mt B, VW, D, C were in every SE ee ee car ke 
ead ot Se ts Sa ht ae ar or Ps en 
nay be depended on to the last figure, : ai or 
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18 THE DURBUNGAH TEMPORARY RAILWAY. 


No. CXLI. 


THE DURBUNGAH TEMPORARY RAILWAY. 


Memorandum on the Construction of a Temporary Railway from the 
Ganges opposite Barh to Durbungah in February, March, and April, 
1874. By Major F. S. Sranton, R.E., Engineer-in-Chief. 


Servick TELEGRAM. 


From—Secretary to Government of India, Public Works Department. 

To—Major Stanton, R.E., Delhi. 

A tramway is required from Chumpta Ghit on left bank of Ganges 
opposite Barh Station to Durbungah 44 miles long. You are placed in 
charge: come down sharp with sufficient Engineering staff and plate lay- 
ing gangs, and bring tools and trollies. Materials for 50 miles will be 
concentrated at Barh, rails and all fastenings will be sent from Calcutta, 
except 8 tons of fish-plates and 19 tons fang bolts, which you muat 
supply from Delhi. Furnivall will despatch one lakh sleepers on advice 
from you; make immediate arrangements for receipt of stores at Barh; 
telegraph if you want assistance. Arrange for forty ballast wagons to follow 
you from Delhi. Two Engines expected from England daily. If there 
is delay arrange so that two may come from Delhi. Make over charge to 
Furnivall; bring camp equipage and horses ready to take the field. 


The above telegram reached me late on the evening of the 10th February 
at Delhi, and on the 15th April the first train ran into Durbungah, the 
length of railway made being really 51 miles, exclusive of sidings, instead 
of 44 as mentioned in the telegram. 
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The staff belonging to the Delhi District Rajpootana State Railway 
whom I proposed taking with me to Bengal were warned for the doty on 
the morning: of the 11th February, and arrangements made for the con- 

duct of their duties during their absence; their names were— 

Lieut. Rathborne, R.E., Executive Engineer, 

Mr. E. J. Moore, Assistant Engineer, 

Mr. H. W. Warden, Assistant Engineer, 

Shushi Booshun Mookerjee, Supervisor, 

Chundee Ram, Plate-layer, 

Juggun Nath, Sub Storekeeper, 

Shunker Nath, Stores Mohurrir, 
to start at once—and Mr. Newton, Plate-layer, with all his gangs, to fol- 
low a few days later. 

Our horses were sent off on the 13th, and the camp equipage with 
some necessary tools and plant, trollies, &c., left on the 14th. Arrange- 
ments were also made for one locomotive and 20 ballast wagons to be 
sent down as quickly as they could be loaded. 

We left Delhi at 2°45 a.m. of the 17th February, and reached Barh, 
which is 656 miles from Delhi at 9 a.m. of the 18th; the tents, &c., arri- 
ving the same day. Mr. Cochrane, who had been appointed by Govern- 
ment an Executive Engineer for this work, also joined me on the 18th. 

The Barh Station of the East Indian Railway is situated about a mile 
from the bank of the Ganges, but a siding had been Inid in to facilitate 
the transport of grain, and a separate branch from the end of this siding 
was being laid in for the railway material. " 

The most important thing at first was of course to arrange for the 
transport of the railway material across the Ganges, without interfering 
with the grain transport, so I proceeded to Patna on the 18th, in order 
to confer with the Commissioner on this point; and it was arranged that 
all rails, sleepers, &c., should be crossed in country boats, and that a 
steamer and barge should be given for crossing locomotives, recs , 
-and any very heavy material. 

On the morning of the 19th we crossed the river to Chumpta Ghét, 
and examined the country as far as Bazetpore, and finding that Chumpta 
Gh&t was 6 miles below Barh, and that there would be great delay in 
crossing the materials to so distant a point, I determined on starting the 
railway from some point higher up; and on the 20th, after an inspection 
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of the river banks, Sultanpore, a ghdt nearly opposite the town of Barh, 
snd not more than two miles from the Barh railway siding was decided on. 

A few rails had been sent to Barh before the branch siding was com- 
plete, but the regular supply of rails and fastenings from Calcutta (300 
miles from Barh) and of sleepers from Agra (542 miles from Barh) com- 
menced arriving on the 21st February. 

The first rails were boated across the river on the 20th, the first sleep- 
ers on 21st, and plate-laying was commenced on the 28rd, but as no fish- 
bolts arrived before the 3rd March, but little real progress could be made 
before that date. 

The metre gauge railway is peculiarly applicable for temporary railways 
of this kind, all the parts being light and easily handled; the rails weighed 
40 ibs. to the yard, the heaviest only weighed 4 maunds, or 320 bs.; the 
sleepers were of deodar, 6 feet long by 8 x 4 inches, and weigh about 50 Ibs, 
each. To have handled heavy broad gauge material, and to have trans- 
ported broad gauge engines and wagons across a river like the Ganges, 
wotld have been a far more serious operation. 

On the 21st February I examined the country for about 6 miles north 
of Bazetpore, and arranged for the crossing of the Balan river near Dul- 
singh Serai. 

On the 26th February I proceeded to Durbungah, with Mr. Stevens, 
(who had been appointed a Superintendent of Works for the Railway,) to 
get a general ides of the country through which the railway had to be 
taken and the rivers that had to be crossed, and returned to Bazetpore 
on the 27th, having arranged with Mr. Stevens for the commencement of 
work at the Durbungah end of the line. 

The general features of the line may be described as follows :—~ 

From Sultanpore Ghat to Chumpta Ghat, about 4 miles, the line skirted 
the bank of the Ganges, thence to Bazetpore it crossed the Ganges 
khadir, being laid for the most part on the surface of the ground; there 
were however several depressions or water channels in this portion of the 
line which required to be crossed on raised embankments: the principal 
of these was the channel of the Byah, in which there was about 5 feet of 
water whén the line was made, but as there was no current, an embank- 
ment only was required. Just beyond this channel the high permanent 
bank of the Ganges is reached.at Bazetpore. . 

Prom Bazetpore the line is laid generally on the surface of the ground 
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to the 19th mile, where the Balan river is crossed; there wes about 6 feet 
of water.in this but no perceptible current, so an embankment was here 
also resorted to, with a small opening left to prevent any heading up: 
the banks of this river being high, it was necessary in order to save time 
and heavy earthwork to cut through them, and approach the embank- 
ment across the river itself by steep inclines of 1 in 60 on each side. 

From the 13th mile to the Boor-Gunduk river at the 29th, the line 
is also for the most part laid on the surface of the ground, all hollows 
and dry channels being filled up. 

The Boor-Guniduk is a considerable stream, the width of water in the 
dry season being over 200 feet, and the depth varying from 5 to 8 feet. 
Here a pile bridge was necessary, and 105 feet of waterway was given, 
the river being embanked at both ends of the bridge. 

From the Boor-Gunduk, the line was taken partly aiong a raised road 
and partly on a newly formed embankment to the Bagmuttee river at the 
40th mile, where another pile bridge, consisting of four spans of 15 feet, 
was required. 

From the Bagmuttee to the Koraye river at the 42nd mile, (where an- 
other bridge also of 4 spans of 15 feet was required,) the road is also 
utilized for a part of the way, and from the Koraye River to Durbungah, 
a new embankment was thrown up, but not being quite ready by the time 
the plate laying reached this part of the line, the rails were laid on the 
surface of the ground to within about 1 mile of Durbungah; from this 
point they were laid on the embankment to the commencement of the 
Durbungah station yard, 51 miles from Sultanpore. 

On arrival at Barh, I applied for the services of two companies of 
Sappers; the application was granted, and they arrived at Barh from 
Rodrkee (770 miles) on the 27th and 28th February. The 32nd Pioneers | 
were also placed at my disposal; they arrived at Barh from Umballa on 
the 7th March. 

The engine from Delhi arrived at Bath on the 24th February, but 
arrangements for unloading and transporting it across the Ganges could 
not be completed before the 28th, by which time a jetty had been built of 
sleepers and sand bags, and rails laid down an incline to the jetty—the 

engine was placed on the barge on the Ist March, and with 5 ballast 
wagons, was taken across the river to Sultanpore on the 2nd. Here a 
similar jetty had been prepared for unloading engines and wagons, and 
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the first locomotive was safely landed on the north bank of the river on 
the 8rd of March. Steam was first got up on the 5th, and a train load 
of materials ran to rail head 5 miles from Sultanpore. 

From this date the work commenced in real earnest, as until a train 
was réady to carry forward materials from the ghat to rail head, the pro- 
gress could be but nominal, owing to want of carriage. 

Cart carriage was a difficulty from the commencement, as nearly all the 
available carriage of the country was employed in the transport of rice; 
but the Magistrate of Tajpore, Mr. Wace, arranged for 100 carts to come 
to me from his Sub-Division, and a little later a number of the Govern- 
ment reserve carts were placed at my disposal by Col. Mackenzie and Col. 
McGregor. | 

As soon as carts were available, the necessary plant and material for the 
bridge over the Boor-Gunduk at Nagur Bustec was sent forward; the piles 
for the bridges sent from Calcutta, and the pile engines bought from the 
Oudh and Rohilkund Railway Company, having in the mean time reached 
Barh. 

The system adopted for carrying on the work was as follows :—The line 
was first ranged out, and the curves put in by the Engineers in charge, 
when a gang of men, under an Overseer, were sent forward to clear trees 
and to level and dig up the surface of the ground, in order to give the 
sleepers an even bearing. On the arrival of the Sappers and Pioneers, 
this duty was entrusted first to Lieut. Morgan, R.E., with the 5th Company, 
and subsequently to half the Pioneers, under Col. Williams, until both 
these parties were detailed for the bridge construction. 

The head quarters of the Pioneers, and the 6th Company of Sappers, 
under Lieut. Dove, were kept near rail head to unload material trains on 
arrival, and assist in the plate-laying, until it became necessary to send 
this Company of Sappers to Barh, (o assist in the unloading and transport 
across the river of the working rolling stock. 

As soon as the road was ready for the sleepers, a gang of men distri- 
buted them along the line, followed by another gang who ranged them in 
proper line, and duly spaced them. | 

On the arrival of a train with materials at rail head, the Sappers and 
‘Pioneers were told off 8 to each pair of wagons to unload the rails, 
sleepers, &c.; the unloading of a train taking from half to three quarters 
of an hour. | 
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The sleepers were then carried forward either by coolies or on carts 
and placed as noted in the preceding paragraph; and the rails were simi- 
larly dealt with, being deposited in pairs alongside the sleepers ; the fas- 
tenings were placed on trollies, and moved forward as the rails were laid, 
a amall quantity being regularly distributed ahead by boys epecially- told 
off for that service. 

The plate-laying was of course the most important part of the work. 
The rails used were flat footed, weighing 40tbs. to the yard. They were 
jointed with fish-plates and bolts, and spiked to cross sleepers The rails 
are mostly 24 feet long, requiring 9 sleepers to each pair of rails, the sleep- 
ers being spaced, and the rails laid alongside, the plate-laying gang 
commenced their work, a certain number (four to a rail) lifted the rails on to 
the sleezcrs, placing them butting one on another on each side. A gang 
of men then followed distributing fish-plates and bolts at each joint, when 
the men told off for the purpose immediately attached the fish-plates at 
the rail joints, fastening them however with only two bolts instead of four. 
These men were closely followed by the auger and spike men who with 
their rail gauges applied, spiked down the rails to the sleepers at the 
joints, and at alternate sleepers only between joints, thus spiking five out 
of the nine sleepers to a rail. 

Following these men came a party with levers to straighten the line; 
after which operation some coolies filled earth between the sleepers and 
partially packed them. 

This first large gang of plate-layers, was then followed by an entirely 
separate gang, who completed the joints and spiking, and properly packed 
the road. 

As soon as the plant and material for the temporary bridge over the 
Boor-Gunduk reached its destination, Lieut. Morgan, R.E., and the 
Sth Company of Sappers, and the detachment of Pioneers under Col. 
Williams, were moved forward to that river to construct the bridge. The 
direction of the work was placed in the hands of Lieut. Kunhardt, R.E., 
Assistant Engineer. The first pile was driven on the 21st March, and the 
bridge consisting of 7 spans of 15 feet, was completed by the 28th, on 
which day the first train passed over it; the Sappers and Pioneers hevhig 
worked in reliefs night and day, in scdee to get it completed by the time 
the plate-laying reached the river. 


On the completion of the Boor-Gunduk bridge, Lieut. Morgan with 
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hie Sappera was moved on to the Bagmuttee river, the construction of 
the bridge over which was entrusted to him, while Lieut. Kunhardt with 
the Pioneers under Col. Williams were sent to the Koraye river. The 
bridges over both these rivers consisted of 4 spans of 15 feet. The first 
train passed over the Bagmuttee bridge on 4th April, and over the Koraye 
on the 7th April. 

After the completion. of the Bagmuattee bridge, the Sappers under Lieut. 
Morgan, were employed in assisting in the plate-laying, and I believe the 
men learnt a good deal of this duty from Mr. Newton the plate-layer. 

There was some very heavy earthwork in cutting in the inclines made, 
1 in 100, to both these bridges, more particularly at the Koraye, but by 
great exertion on the part of the Engincers in charge, the plate-laying 
was scarcely delayed at all. 

After passing the Koraye, there were no further difficulties to be en- 
countered, and the plate-laying went steadily on, the first train reaching 
the Durbungah station yard on the 15th April. 

His Honor, the Lieutenant-Governor of Bengal, opened the line on the 
17th April, on which day the first grain trains ran to Durbungah. The 
carriage of grain to Nagar Bustee had commenced on the Srd April, but 
owing to the paucity of engine power available at that date, no great 
quantity could be carried until later. 

The Ganges river intervening between the railway and its base of opera- 
tions at Barh, was the only serious obstacleto therapid construction of the 
work; more than 6,000 tons of permanent way material, besides 10 
locomotives and 233 vehicles had to be transported across the river, and 
in addition about 1,000 tons of iron bridge material, brought from 
Bombay with the intention of replacing the temporary bridges by per- 
manent structures, were carried across. 

The plate-laying could have been carried on rather faster, had there been 
more énginesand wagons availableat first to lead forward materials; as when 
the rail head was more than 20 miles from the river, it became impossible 
for the one engine and 20 wagons to keep up a full supply of material; the 
‘Maximum length of plate-laying done in any one day was two miles, the 
average (excluding the work up to the 5th March) being over one mile 
daily; the last 46 oe exclusive of a being as in 41 
days. 
 Lexclade the work up to the 5th March, as it was not until that day 
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that we had any mmmane of leading forward mateciel, and th was ouby on 
the Std that the frat supply of fish-bolts was received, 

While the line was in progress, temporary houses for the etalf were 
erected at Basetpore and other stations, the honses sonnisted of él tres 
posta, supporting e tiled roof with wattle and danb walls, 

Exclusive of the labour employed on the heavy earthwork in ths ont- 
tings at the river approaches, and on the new embankments, intended for 
the more permanent line, the average number of men employed daily 
inclusive of Sappere and Pioneers, was about 1000. 

The rolling stock was supplied from various sources: 2 engines were ” 
sent from Delhi, 1 from Agra, and 7 from Calcutta; of the new ones, two 
ware erected at Barh, one at Bazetpore, and the others at the Hast Indian 
Railway shops at Jamalpore. 

The wagons were sent from Bombay, Khondwa, Calcutta, Agra and 
Delhi, and it was not until some time after the line was completed to Dur- 
bungah that the whole of the stock--10 engines and 288 yehiclea—had 
been placed on the line, and to the last the grain transport was interfered 
with by the necessity of leading forward the iron bridge material, and a 
large quantity of coal for burning bricks and ballast for the intended more 
permanent line. 

As mentioned above, the first grain was carried to Nagar Bustee on the 
8rd April, and to Duarbungah on the 17th. The total quantity of food 
grain and cattle fodder carried between those dates and the end of May 


when I left Tirhoot to return to Delhi was as follow :— 
To Durbungah, eee seo eee . Maunds, 8,79,898 
” Hya Ghat, one eee eos ane ” 94,226 
” Nagur Bustee, eee eee eee eon 9 8,07 583 
” Dulsing Sarai, eve eae eur one ” 98,258 


Total, ... ” 8,74,965 
the total maund mileage being 8,17,96,911. 

The contract rate paid by Government for the carriage of grain was $ 
pis per maund per mile, and it ig fair to credit the railway for the work 
done at this rate. A quantity of grain was catried after I left; but the 
amount for this quantity, Re, 496,827, would more than cover the entire 
cost of laying and working the temporary railway, and of removing i 
afterwards, had sach bean the wish of the Government, but exetusive of 
all charges dae on account of the more permanent line which it was the 
wish of Government to have en ahd whith should —— 
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Su, 3. th Gonkeran, Riconttro Enghonr, apocially appointed for Tiehoot 


Railway. 
age emiaaadama s | 
Mz, E. T. Moore, From Delhi District Rajpootans State Railway. 
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ON THE TENSION OF CHAINS OF A SLUICK-SHUTTER, 





Br Carr. Avtan Ocnnmanam, R.E., Hony. Fell. of King’s Coll, London, 





Tun following is an investigation of the amount of Suppaw Tuwsrow of 
the retaining Chains of « Sluice-Shatter. 

[The Problem was proposed to the anthor in connexion with the filniceg of the 
Midvapore Weir, the chains of the shutters of which have frequently failed mmex- 
pectadly, i2., ender strain hitherto sapposed to be much below their proof atrain]. 

The action of the shutter is as follows :—‘ The shutter lies ordinarily 
at the bed of the stream 
(as OP’) with ite head (P’) 
fowards the current, and 
ie-—when the current at- 
taina « sufficient velocity 
—~rapiily raised by “the 
current itself, rising on 
hinges (0) at the bed of 
the atroam, snd is quits, 
denky checked. by the rotaining chains (AP) when it has attained a 
vertigdl ponition, (a OP,” athy 

At dd fyekbes shppeeed that the shutter Is rectangular, 94 the), Ain 
edining, Gsivg sen spplied ot points ob w hocnantal Hing throng tp 
donatin 1 yerrnlon” (P) of ta roletingr eheite, and algo that the 

x kil Maat Sick re ts the wig 00 tha bags at fre shatter, 
Tok Prdhlers drapoaed ix to ia he Tom of the dn thi 
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fj-dly(googet solution of the Protleea appears (ta thie wathor) jampotiil 
cqwing $0 the imperfeat atate of Hydraulic Scidios, The follo ving gal 
, Peagoted ab sn imperfect attempt towards if, and the fizal een 
san odly be looked on aq a rough approximation. rae e 
* The Problem is greatly complicated by the gradual saveiioa af the 
tbact proper of the water into simple ramssunu as the shutted Heda, 
axl by tha conversion of the momentum of the aid into angalar moiuin- 
tual of the shutter. 
Bet i seems to the author that—inasmuch as the chains aro scarcely 
* gbrained at all (except by their own weight) unfil the shutter has come 
to ite final (vertical) position, and as whatever momentum may be im~ 
preesed on the shutter must have been parted with by the water—it will 
be. eufficiont to consider the whole momentum of the current at ta fall 
depth ax being anddenly stopped by the shutter when in an upright posi- 
Hien, and thus suddenly applied to the Chains. 
The following notation will be used :— . 
_ at ; sz breadth of shutter in feet. 
== depth of shatter 
az depth of streams 5” os da 
V om: Mid-surface velocity (over shutter when down) in feet per 
second. 





w sz weight of a cubic foot of water = 62-5 tha. 
: g == measure of acceleration of gravity == 822. 
P == Total Impuleo of fluid on area bd in ibe. 
T == Total Sudden Tension of the whole set of Ohains én ibs. 
@ == Inclination of chains to shutter when ve tical, i.e., at instant 
: when strained taut. 
Othe notation is explained in the text. 
the circumstances of motion of a slender (longitadinaly 
flanienst of the Said of sectional ares (&) moting with a velocity (¥), 

‘Tee pressure ip") dus to the continued impulec of euch « flsment gpon 
a small plane ares (4) faheion By (Deal Bem 
of Rubkine’s Apptied Mashexies, Ba. (4) and (8) ~~ 
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je’ doors, of hospitals are. half pannelled and’ half glazed,’ 





18 Buropess ward are also the same, but provided with iron’: 


“Sainida, - ‘The windows of the European ward are iron barred, ‘Btted with © | 





od frames outaide, for. purposes of light. In addition bce is, there’: : 


“ds a'roof ventilator 12” x 12° in each room of the ward... Pet, 
ia “ dooveted passage from the European Ward leads to the privy.close to: ite. 


“the doors of ‘the: offices, godowns, and darogah's quarters, are Paul 7 
fed, and of ‘the rest of: the buildings common battened, all of déodar ¥ 























a The gutes ‘are of iron bars 13” x 13”, fitted into a rectangular fr my 
Jo fiat, bars, and stiffened with diagonal and flat bars of iton 3” x He i ne i 


‘A narrow passage ‘from the inner circular enclosure; leads to. the pater. 
the workshop, which are made so, that when they are closed. we 





@ cominanication i is opened at the back from one aide to the pthery. 
gid the seatry oan thus go round the jail;. and when they are opened during i 
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mortar, the whole pucka plastered inside. The wells in the garden are 
10 feet inner diameter, and fitted with Persian wheels for purposes of 
irrigation. 

The wells in the jail compartments and the hospital are provided with 
reservoirs and platforms for bathing purposes, the former being so high, 
that all waste water runs into the grass plots in the compartments, in- 
atead of being collected in cisterns or cesspools, and emptied once or twice 
a day as is the case in other jails. 

This jail is intended to accommodate 540 prisoners, (500 in the wards 
and solitary cells, and 40 in quarantine cells,) and has cost Rs. 1,62,230, 
or Rs. 300 per prisoner. 


The following Abstract shows the details of cost, giving the quantities of 
work executed in the Jail, together with the actual working rates, ¢c. 


c. ft. RS. A. P. 
8,06,916 Kucha masonry, at Rs. 2 per 100, ee oe ae 6,083 7 11 
2,09,250 Kacha packa masonry, at Rs, 7 per 100, a “sé 14,484 2 2 


2,37, 255 is e »»  pucka pointed on the outside, at 
Rs. 8 per 100, ee eee 15,161 12 9 
85,337 Pucka masonry, at Rs, 14 per 100, oe ee 7 11,011 14 8 
19,289 ‘ ‘3 Rs. 16 per 100, ae ee os 2,981 6 8 
1,124 5 “i Rs. 18 per 100, ie oe oe 202 0 0 
B. ft. 
85,874 Puacka plaster of coping, at Rs. 4 per 100, .. we 3,488 1 6 
65,604 Kucha flooring, at Rs, 0-4-0 per 100, .. oe ee 1382 4 2 
c. ft. 
1,84,114 Filling in earth, at Rs. 0-4-0 per 100, .. ee oe 402 410 
s. ft. 
9,918 Battened doors, at Rs. 0-10-0 per foot, oe 6,188 14 8 


2,019 Battened, panelled, and glazed doors, at Rs. 1 per foot, 2,083 5 1 

16,268 Battened iron grated doors, at Rs, 1-14 per foot, se 80,501 10 O 
8,440°66 Battened sheet iron, at Rs, 1-8 per foot, oe oe 5,159 8 1L 
x. ft. 


5,861 Pucka drip cornice, at Rs. 20 per foot, .. we ee 1,006 5 7 
s. ft. 
25,894'86 Goodwyn tiled roofing, at Rs, 85 per 100 feet, oe 8,471 15 1 
1,850 . ° Rs. 40 per 100 feet, we 528 8 8 
$9,676°42 a ” Rs. 50 per 100 feet, re 18,904 ll & 
7,591 Ks. 60 per 100 feet, we 8,086 4 4 
88,768 Flat ballee roof, at Rs. 14 per 100 feet, ee ai 8,178 10 7 
2,782 Fiat roof on beams and kurrees,at Rs. 30 per 100 feet, 815 8 2 





Carried forward, .. 185,713 6 9 
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Bronght forward, .. 


Boarded roofing, at Rs. 85 per 100 feet, ee ee 
Portforated zinc sheets, at Rs, 1 each, oe oe oe 


Wooden architraves, at Rs. 1-8 per foot, oe oe 
Pucka plaster inner, at Rs. 3 per 100, .. es oe 
Pucka whitewashing, at Rs, 0-2-0 per 100, .. ee 
Brick flooring, at Ra, 8 per 100,.. oe ve oe 
Tile flooring, at Rs. 10 per 100,.. oe oe a 
Fitting up shelves in hospital, .. we es oe 


Packa cornice, at Ra, 12 per 100, oe ee oo 
Wrought-iron, at Rs, 22 per maund, .. ea ‘ss 


Entrance gates of iron, at Rs. 800 each, oe oe 
Barrier gates of iron, at Rs. 350 each, .. oe ee 
Drinking wells, at Rs. 600 each, we es we 
Bathing wells, at Rs. 750 each, .. os oe ae 


8 
118,483'569 Kucha masonry, kucha plastered on both sides, at Rs. 


17,800 
No. 
2 


ec. ft, 
70,859 


9,466 


2-8-0 per 100, en ee oe ee oe eo 
Pucka plaster of coping, at Rs, 3-8-0 per 100,.. oe 


Entrance gates of wood 10' x 14! each, complete, at 
Rea, 69, e@ e¢ ee ee ee e@ a6 


Kaucha masonry in foundation, plinth and superstruc- 
ture of quarantine cells, at Rs, 3 per 100, .. oe 
Kucha masonry in foundation, plinth and superstrac- 
ture of round doors of quarantine cells, at Rx. 3 per 
100, oe oe os oe os ee oe 
Kaocha masonry of cross walls of inner sleeping chub- 
ootras, at Rs. 3 per 100, oe oe oe oe 


Fiat roof on bullees, at Rs. 16 per 100,.. oe oe 


Kucka pucka masonry of coping of walls and of water- 
drips, at Rs, 5-8-0 per 100, oe oe oe oe 


Well outside quarantine cells, at Rs, 500, os os 
Componnd wall and gate of quarantine cells,.. = «- 


Part jail labor, ¢@e ee ee ee ee 
Contingencies, at Rs, 5 per cent., ee 


Grand Total, Re, .. 
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86 PROYECTION OF TIMBER FROM WHITH-AxeTs. 


‘Gutta gambier’ is juice extracted from the leaves of a plant of the 
same name, Uncaria Gambier, growing in Sumatra, inspissated by decoe- 
tion, strained, suffered to cool and harden, and then cut into cakes of 
different sizes, or formed into balls. Chief places of manufacture, Siak, 
Malacca and Bintang. It is used by the Malays with the leaves of betel 
in the same manner as cutch (catechu) in other parts of India. For this 
purpose the finest and whitest is selected, the red being stronger tasted ' 
and rank. Is exported to Batavia and China for purposes of tanning 
and dyeing.” 

Captain Fraser's process.—In 1856 the magazine flooring and 
powder-racks in Fort William, Calcutta, had to be renewed in consequence 
of the injuties caused by white-ants. 

Captain Fraser, R.E , removed the whole of the old floor, stripped the 
plaster from the walls, for a height of 4 feet, and dug out the earth to a 
depth of 1 foot. 

The excavation was filled up with concrete; masonry pillars were built 
for the support of the joists, which were painted and overlaid with 8-inch 
planks, and the walls were re-plastered. 

The concrete, the mortar in the masonry pillars, the sand plaster, and 
the paint, all contained a proportion of the yellow arsenic known in the 
bazaar as Awrtal, the proportions used being as follows :-— 


100 cubic feet concrete, .. es oe oe 4 Ibs. arsenic, 
100 ” MASOnIY, «- oe ue oe 4ib 5, 
100 a, fect plastering, ee ee ee os 4» » 
Paint, a small quantity. 

This plan was perfectly successful. Captdin Fraser writes— 

“In 1856 not only the building, but the whole immediate neighbour- 
hood, was swarming with white-ants.” In 1859, or three years afterwards, 
the Town Major reported that, ‘the flooring and powder-racks in the 
King’s Magazine have been carefully examined, and no traces of white-~ 
ante have been found either inside, or outside the building.” 

Qn the 16th March, 1874, the Executive Engineer, Fort William, in 
reply to an enquiry on the subject reported as follows :— 

“Since 1859 no repairs have been executed to the floor racks of the 
King’s Magazine; no traces of white-ants are to be found, and the floors 
and racks are in fair condition.” 

So the process appears to have met with complete success. 
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Bombay P. WD. recipes. 

(a). Bombay Chief Engineer's recipe 1858.— 

A mixture of sulphate of copper, or of arsenic, with the lime in imme- 
diate contact with timber, offers, perhaps, the most ready method of 
preserving it from insects; corrosive sublimate combines with lime, aud 
forms an inert substance (‘ yellow wash’ of medicine). 

(6). Madras recipe.— 


Tbs, og. 
Arsenic, s6 ee ee ae oe es oe 2 4 
Aloss, ee ee es ee ee ae ee ee 2 4 
Chunam soap (common country), .. as ‘sa ee 218 
Dhobie’s mud (khar), ~ oe oe ve o 3 8 


Pound the arsenic and aloes, scrape the soap, mix with the mud, and boil 
in a large chatty half-full of water until it bubbles; let it cool, and when 
cold, fill up with cold water; the mixture should be boiled for an hour. 
Jt is applied as a wash. 

{c). Dr. Hewlett’s recipe.— 

Take 1 ih. of McDougall’s sheep-dipping composition (ointment), and 
mix with 5 gallons of water. 


To destroy white-ants, pour this solution over places infested by them. 

To preserve wood, soak it in the solution, or smear it with the oint- 
ment. 

It appears evident from the foregoing description of the process, that 
however successful it might be as = means of d>stroying the insects, it 
was not likely to be a lasting preservative from their attacks. 

The experiments made in Bombay in 1866, though successful as far aa 
they go, are very inconclusive as regards the real merits of the process, 
and the further experiments made in Bombay in 1870, show that it was 
by no means a perfect preservative. 

The conclusions of the Bombay Government are thus summed up— 

“ let.—-That McDougall’s sheep dipping composition is not a perfeet 
preventive against the ravages of white-ants. 
2nd.—That the composition cheeks the destructive inroads of these 
insects only for a time, varying pearing to the des- 
‘eription of the timber. 
8rd-—That well-seasoned blackwood, teak, and fansee Gack-wnod) 
resist the attacks of white-ants.” 
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Gallen's Process,—-Callen's composition ia composed of the 
ingredients :~—Lime, coal-tar and moulder's blacking: and the dbet insted 
wf bo be 28 shillings per 100 gallons. 

The composition is a patent; the exact proportions of the ingredients 
aad the mode in which they are mixed is given in the patent specification, 
‘The preparation is a fluid one. 

The patentee cleime for it that, when applied to wood, it renders it 
secure against the attacks of white-anta, and that when applied to inga, 
it protects it against rapid oxidization, specially in damp situations. 

To apply it to wood, the fluid should be heated to boiling point, and 
the timber immersed in it for one hour, care being taken to maintain the 
boiling. For iron it should be heated and put on with a stiff brush. 

The inventor states that 6 pieces of wood, of which 3 were coated with 
his preparation, were buried in a place much infested with white-ante; 
after a period of five months they were taken up, the coated pieces 
were “ perfectly sonnd and untouched, but the uncoated pieces were eaten 
away one-third their original size.” 

Iron similarly buried in a damp place showed the coated pieces to be 
in 4 “perfect state of preservation; the uncoated were very rusty.” 

Wood sent out by Mr. Cullen prepared with his composition was 
buried at Bhaugulpore with hke results, but the Executive Engineer 
reported a tendency in the composition to “ peel off.” 

Subsequent experiments were carried out on a small scale, and with 
much the same repult. 

Apparently, the preparation is likely to act as a preservative for only 
a lndited time. 

One of the reports states that coal-tar used by itself was found to be 
just as effective as the composition. 

Processes for Railway Sleepers,——From papers recorded in the 
Office of experiments carried out in Norway and Germany, the following 
results have been deduced :—~ 

1et,—That impregnating with creosote and chloride of merdnry (kyaui- 

xing) at a great pressure has bean most successful, but the 
operations were most costly of any. 

Ssd,—That chloride of zinc has been proved to be most wsefal whit 

great prezsure was applied. 

fird.—That sulphate of copper waa found to be less to be depended 


$8 


dat bwt this way arise more from the way it was employed, 

' gather than from the substance itself, 

dih—It iz certain the results hava been very unfavourable without 

presaure, and when the wood has been cold steeped. 
5th.-—-That impregnating with sulphate of iron and sulphate of bariam 
ig useless, and has been discontinued everywhere. 

Tt in also stated thas some of these processes appeared, when tried in 

this country, to Have the effect of weakening the strength and durability 
of the timber, and inducing in some cases @ species of dry-rot; and that , 
they did not prevent the wood from being attecked by beetle-borers. 
- Experiments were also tried at the Oalcutta Mint by immersing sleep- 
ers in coal-tar, but though the sloepers were left immersed for 60 daya, 
there was scarcely any penetration of the tar into the wood, and the 
experiments were ordered to be discontinued. 

Oreosoted pine sleepers have been buried for two years in the Goyern- 
ment Telegraph Store-yard at Alipore, a place which is infested with 
white-ants, and are found to be perfectly sound with one exception, and 
that one has been destroyed by dry-rot; there is no sign of damage by 
white-ants, 

Bangalore D. P. W. recipe.—The following specification is given in 
the estimate for the Museum at Bangalore. 

‘6 A thin layer of the following composition to be laid over all walls at 
basement level, and again 1 foot below their tops to keep off white~ants 
from the floors and roofs. 

& bottles of coul-tar. 

1 bottle of linseed oil, 
8 drams of kerosine, 
2 Ds. of asphailte. 

It is not known whether this preparation has been practically tried. 

Forbes’ priming.—The principle of this process, which is a patent, 
is, to use the inventor's own words, “the combination of sulphate of cop- 
per in certain proportions with any vegetable oil, Lut I find linseed oil to 
be the best.” 

The sulphate of copper is finely ground, and then intitnately mixed 
with the linseed oil, the proper proportions are giyen in the petent apeci- 
fication. The mixture, when prepared, is rubbed over every part of iis 
himber to be proteotat} when thoroughly dried, two conta of yuiming are 
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laid on with a brush ; the ingredients of the priming are white-lead, chall 
_ and sulphate of copper, and linseed oil, and the proportions are given ix 
the patent specifications. 

The experiments made by the inventor for six months show suocess 
but the period is too short to be a conclusive one. The Bengal Govern- 
ment in a recent letter puts up papers showing the results of further ex- 
periments, and it is characterized by Colonel Nicolls as having been “ tried 
with partial success.” 

Experiments have been made with Forbes’ priming on a tolerably large 
scale on the telegraph posts in the Punjab and elsewhere. The results 
are reported to have been “ conflicting.” 

Burmah D. P. W. recipe.—Mr. Bennett, Exec. Engineer reports 
that, “in British Burmah, Port Blair, where the majority of buildings 
were wooden structures, the whole of the timber is coated with earth-oil, 
which is laid on warm before the timbor is put into the building, yearly 
coatings being also laid on prior to the rains. The effect of this is very 
surprising. The cost is 8 to 12 annas per square of 100 feet.” 

Rohilkhund D. P, W. recipe.—The practice which obtains in Rohil-~ 
khund, is to “char the ends of all rafters slightly, and then coat them 
over with coal-tar, which costs from 8 to 4 annas per cubic foot. 

N. W. P. Forest Dept. recipe.—The Conservator of Forests, North 
Western Provinces, says—‘ Sulphate of copper mixed with the mortar 
just above ground level contiguous to wood framing of doors, windows” 
&c., and just under level of roof timbers, is the best precaution known to 
me, An old Forester (the late Mr. Finn) told me that he had never 
known the following fail with a pucka house :—“ Scrape the ground sur- 
face all over foundations, and to a width of 20 feet beyond it. This will 
expose the minutest white-ant burrow, which must be traced down until 
the queen ant is discovered and killed. Mr. Finn assured me that white- 
ante never burrowed down from outside and up inside a house, and that 
he bad known houses in which this precaution had been taken stand out 
free from the ravages of white-ants, whilst all neighbouring houses were 
infested with them.” 

He adda that he had “tried a solution of sulphate of copper on an exe 
tensive scale, but with no great success.” 


18th June, 1874, 


| HOTHS OW HOKRTH BRAUGULPORE—-BENGAL, 41 


No. CXLV. 


NOTES ON NORTH BHAUGULPORE—BENGAL. 
[Vide Plates XI, and XIL} 


By E. A. Srsotn, Esq., rec. Hngineer, (late) North Bhaugulpore 
Division. + 


Tux greater and more valuable portion of the Bhangulpore District 
lies north of the Ganges. During four months of the year, it is almost 
entirely cut off from the south by the inundations of the Ganges and its 
tributaries; from the north by the jealous exclusiveness of the Nepdl 
Government, and from the east by the treacherous and shifting Kosi. It 
is peopled by a race whose virtues and affections have been crushed out 
by a selfish apathy. The heat being pleasant, but enervating all the year 
round, the luxury of a warm sun tempered by a tropical shade is one that 
even the poorest can indulge in; beyond this, little more is required 
than barely enough to support life, and this the natives’ idea of happiness, 
makes them careless of anything, but a dreamy enjoyment of the present, 
Nor does the manner of life of those who are wealthy differ essentially 
from that of the poorest. The former eat finer rice, and possess more 
bute, but in other respects, the outward appearances are alike. To snok 
dreamers, famine is little more than a physical pain unaccompanied by 
the sentimental horrors with which it is invested by more energetic races. 
Hiven in the most prosperous and seasonable years, a large portion of 
the population exists in a precarious manner, as the returns of agricul- 
tare as practised at present, are not sufficiently large to feed all properly, 
and thete are no mannfacturies, and no trade to relieve the predsure of 
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population. Possibly better means of communication, by bringing in néw 
ideas, may induce « more active straggle for, and a keener enjoyment 
of, the comforts of civilization, In this country, the most elementary 
Engineering works are wanting. The people are strictly conservative 
in their ideas, in fact, absolutely hostile to attempts at improve- 
ments, having little trade to open out connections with others, and 
content to live in extreme poverty. Excepting at Pertabgunge and 
Khagaria, there are none of the substantial buildings and large bazars so 
common in Northern India, Clusters of villages do hold market days 
fortnightly, or at most weekly for the purchase of household necessaries, 
bat here everything is bartered for, and money is not current to any 
extent. The people are all clothed with Manchester goods, Colgong be- 
ing « great mart for piece goods and country produce, but as they rarely 
indulge in a new piece of cloth, the consumption is limited. Colored 
cloths are not in much demand. The first class marts are— 

1. Pertabgunge.—Chiefly imports for the Nepalese. 

2. Bulloa.—Grain exports to Caloutta and other places, 

8. Khagaria-A great place of call for all the boat traffic above Cal- 

outta. 

4, Murligunge.—Five miles north of Kisshangunge. 

The second class marts are Peepra, Singhesar, Gamarea, Lalgange 
and Simralie, At Latipore there is a bazar for the boat traffic. That 
the aforesaid places represent the only marts over this large tract, shows 
how backward the people are in the scale of civilization. In the Punjab 
the smallest village has ita petty trader. 

The climate appears to be a mean between the damp heat of Bengal 
proper, and the dry heat of Upper India. At the end of April and be- 
ginuing of May, fitful hot winds blow, bat they last a very short time. 
There are no preat extremes of temperature. Rice and marroca (a sort 
of millet) are the staple crops; of rice, a great variety of kinds are sown 
wt various seasons of the year. Very few of the lands are “do fusies,” 
é, 8., bearing two crops a year, and as a month may represest the time 
occupied in making rice nurseries, another month in plonghing and trans- 
planting, another in weeding, and a» fourth in cutting, the people Lave 
nothing to do for eight months of the year, Spring crops of wheat, we., 
ste grown in the tracts inandeted by the Ganges; autunin crops in‘ all 
other places. In June, the people subsist on mangoes. The'diposite 
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of the fools of the Gauges are said to fertilize the sofl; those of the 

Kosi to injure it. This would prove that the changes in the Ganges 
wtreama are very gradual; for where a deposit is due entirely to erosion, it 

must invariably be injurious to cultivation. Subsoil requires exposure 

to the air for a considerable time to effect the chemical changes necessary 

to make it a good surface soil. The bulk of the silt in the Ganges is 

eartace soil, washed in by the rain. On the Dearah lands of the Ganges, 

i, ¢., lands below flood level, megnificient spring crops are grown with 
little trouble. The large profits accruing therefrom, amply compensate 

for the risks from floods and changes of stream. As we proceed north, 

we find drainage lines become more defined, the Jand more undulating, and 

the high lands necessarily more sandy. About, and to the north of Soo- 

pole, high lands, owing to being so sandy, are usually looked upon as not 
worth cultivating. The soil and the rainfall correspond closely to what 
is found on the high lands of Goordaspore, and to the north of Umballa, 

end there very fair spring and autumn crops are grown, There are no 
winter rains, Nowhere is there to be seen careful cultivation, even near 
villages, the land is not devoted to growing garden vegetables, or the mote 
valuable crops. One serious drawback is, that the district is overrun with 

Brahmins and Rajpoota. A despised mallie will pay Rs. 4 to 5 per acre 
with a profit to himself, where pauper proud Rajpoots will fight against 
paying eight annas. In a few cases, two crops are obtained on the high 
lands, but the outturn depends upon the caste of the cultivator, the lower 
castes being the most careful and energetic. 

Most of the lowlands not liable to continued inundation, are well wood~ 
ed with mangoe and palm trees, and clumps of bamboos, here and there 
land being set apart for the cultivation of thatching grass. There is a 
great want, however, of trees valuable for building purposes, but sal, toon, 
mahogany, sheesham and keokur or babul, flourish in these parts, aa is 
proved by the specimens to be found in planters’ gardens. A few years 
ego, large quantities of s4l and toon were obtainable from the Nepal Terai, 
but Barmah teak from Caloutta is now more used, owing to the risks 
merchants have to ran in dealing with the Nepalese. 

No skilled labor is procursble in the district. Hiren et Soopala (the 
tnb-divigional Head Quarters,) thore is not a catpenter or blacheatth. 
Here and there in important villages, one of the latter aauy be found, whe 
can jott manage to put a pieces of roughly wrought-inda to the sivagh. 


44 MOTE ON NORTH BRAVAULPORE--BERGAL, 


Moolies may be obtained in large numbers, at from 8 to 6 pice per day. 
They chiefly belong to the weaver caste, who have lost their trade through 
the cheapness of English cloth, and, as a rule, obtain their living by sa- 
sisting as helps at harvesting, indigo manufacturing, &c. 

Within the last ten years, a number of temples have been built by the 
more wealthy, some of the designs are very striking, but the effect is 
spoiled on closer examination, as the bricks are bad, and every ornament 
and projection is of plaster, like the icing of a Christmas cake. Aa these 
temples owe their construction to the desire of the wealthy to outdo each 
other, and not to a devotional feeling, there is no attempt to ensure per- 
manence. The workmen brought from Monghyr and Durbhangs are 
quite capable of turning out first class work if required to do so. 

Two rather expensive examples of embanking lands to saye them from 
inundation were undertaken this year. The one, the Rajunpore bund, con~ 
structed at a cost to Government of Rs. 12,200, and calculated to protect 
2,000 acres; the other, the embanking of the Dimra, at Mahessi, on 
both sides for six miles, costing about Rs. 8,000. Isolated attempts 
like these must prove costly, and are likely to yield unsatisfactory resulta. 
The best plan appears to be to obtain protection from inundation by 
embanked roads. 

There are very ancient remains of an extensive fort and city to be 
found at Rajghdt, and near Shapore are Mahommedan ruins. There are 
traces of the now extinct Bhar tribe, at Dorumtola, four miles to the east 
of Pachgachia. But the most remarkable monument of energy, centuries 
ago, is the Bir bund, a section of which near Pertabgunge is given in Zig. 1. 


Fig, 1. 
Cross Section of the Bir Bund. 
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The great size of this bank at the present day, shows what a gigantic work 
it must have been. Starting from a low range, called the Sorunga hills 
in the Nepal Terai, it rans due south for 80 miles. Whether intended 
aa a dyke 10 keep out the Kosi, or an imperial road, it ia hard to say, 
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The rainfall of 1874 at Soopole is given below. Jt was most sesson- 
hie, and has produced a bumper harvest. 
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The following observations at pleces whose positions will be sem by 
-referring to the Sketch Map, (Plate XI.,) will give a good ides of the 
spring level of the country. 


DEPTH OF BPRING LEVEL BELOW 
SURFACE OF GROUND, 











Name of place, ae vlan wht! In the rains. z , 
ther in April ee 
sadiag"| ew. | Peele 
feet. feet. 
Chandale, -- | 1200 615 [12th August,| Well drained tracts. 
Soopole, .. | 13:00 900 [18th ,, 
Poepra, -« | 9:00 500 | 8th ,, ele rain is shed 


Wells with a steining of burnt clay rings 2 feet 8 inches in diame- 
ter, are made at a cost of Re. 1, or at the most Rs. 2. Wells of from 
5 to 7 feet in diameter, cost from Rs. 6 to 60 or more, according to 
the workmanship. Not a single appliance for raising water by animal 
power is to be seen in the district, the natives believing that bullocks 
are killed by walking in a circle. 

It is generally believed that irrigation canals would avert a year of 
scarcity and famine ; but it is doubtful whether in seasonable years they 
would be made use of to any appreciable extent, and then probably, as a 
rale, only by # few indigo planters ; and any one who has had experience 
of canals knows that the net-work of village water-courses cannot be in- 
troduced at a moment’s notice to meet a sudden lack of rain. In the 
Goordaspore district, Punjab, the spring level and rainfall are similar 
to what they are in this place. Now on the enhancement of the rates of 
the Bari Doab canal, the majority of the cultivators of Goordaspore pre- 
ferred falling back on their wells, to taking canal water, it can scarcely 
then be expected that canals would be utilized here. 

To the south of the Ganges from Mirzapore to Sahibgunge, the country 
is not an alluvial plain, but consiste of the slopes of the Vindhys hills. The 
Soane canals traverse these slopes, wheve he spring level is in most places 
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NORTH BHAUGULPORE, 
Showing Retief Roads of 1874. 
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—_ than 40. fect below the surface. The.soil is naturally well drained, 
“nd therefore dry, and being high ground, it is aleo sandy, and the trees are 
; chiefly confined to the basins and hollows, where are to be found the best 
soil-and most moisture. Here for the proper cultivation of the uplands, 
irrigation is a necessity. On the other hand, in North Bhsaugulpore, we 
‘have an alluvial plain protected by large groves of trees, with prolific 
| vegetation,. and a spring level close to the surface. : 
It is just possible, that in time the absence of cold weather rains might 
make irrigation for spring crops popular, and for the certain cultivation of 
indigo it. might be of great use; but.as a safeguard against famine, it is 
scarcely needed. The distance from Bhaugulpore to Dagmara is 90 miles ; 
that to Karama 25.mijles, and allowing 8 miles for unculturable land on 
the Ganges in the cold weather, there are 22 miles of cultivation, or nearly 
28 per cent. of. the north of the district entirely independent of the rain- 
fall, The cross section of Ganges (vide Fig. 2) illustrates this, General 


Fig. 2. 


Cross Section of the Ganges at Bhaugulpore. - 
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Strachey's minute on irrigation, demonstrates that a properly ee 
area of 25 per cent. is all that can be wished for. : 

Marvellous tales are told of the treacherous nature of the Kori river 
and its violence. Its great floods are probably due to heavy rain in the 
outer ranges of the Himalayas, as all its floods are preceded by & changes 
in the color of the water, due to the washings from the low. ‘bills, which 
| ives warning of a flood at least'a day before. That ite deposite:are not 
fertilixing like those of the Ganges, is owing to the auch shorter.time the 
, ait is held tu-suapension. : “On the Koei, the silt eonld ebeheetoreal 
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‘than 100 miles, on the Ganges it is carried hundreds of miles. ’ “the sit 7 
taken from the Ravee at Madhopore (whore it issnes from the hills) is not 
fertilizing, but 250 miles below it is. ‘The constant changes in the river 
are due to the configuration of the country, and to the effecte of the back- 
water of the Ganges in flood. A deep well defined channel and deolivity. 
are both wanting, to give a high velocity to the stream. With so many 
influences at work to disturb it, it may be expected that it abounds with 
quicksands, and consequently has acquired a very evil reputation. Ina 
river with so ill defined a channel as the Kosi, changes of course are un- 
certain, as any petty obstruction or accident will cause them. a how- 
ever, would not make it expensive to bridge. , 

There appear to be no records of observations of the Ganges inundation. 
The discharge of the river has probably never been gauged below Allaha- 
bad. From Monghyr to Rajmahal, its right bank is permanent, owing to 
the rocky barriers presented by the Monghyr and Sonthal hills. On this 
bank are large backwaters, where the drainage from these hills fall into 
the river. The Ganges hugs its right and permanent bank, thus facilita- 
ting improvements on the left or north bank. Its left bank is simply an 
alluvial deposit. At Monghyr, where the river washes round arocky pro- 
montory, the working stream is less than 2 miles wide, while at Bhaugul- 
pore it is 6 miles wide, including islands. Immediately along the working 
stream, there is a thin strip of land more or less continuous, such as 
is found in all silt laden rivers running through alluvial deposits, which 
is above any but the very highest inundations, This strip varies in width 
from about 9 miles at Monghyr, to 5 miles at Bhaugulpore. Further in- 
land again, there is in the rains the backwater of the Ganges, and the 
ponded up drainages from the north making a sheet of water from 12 to 
16 miles wide. 

A glance at a map of the country between Arrah and Rajmabal, will 
show that it is only rivers with large discharges that can force their way 
into the Ganges, without alteration of their general course; such are the 
Soaneand Kosi. In the case of the smaller tributaries, such as the Boora 
Guadak and Tiljuga,. the tendency of the rivers.is to fill up their mouths, 
and prolong their channels parallel to its own indefinitely... The only 
limite to. this prolongation of minor.channéla, is the meeting with rivers, like | 
the Kosi, or ponding up till the water rises above the thin strip. of, land that 
borders the working stream, Such being the case in making s road from. 
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the left bank of the Ganges to the north, it is not absolutely necessary to 
bridge such streams as the Tiljuga, Bagmati and others, within the limits 
of the Ganges inundation. Making a bank across such channels is prac- 
tically constructing a silt bar higher than any the Ganges can make. 

in this portion of the course of the Ganges, the rise and fall must be 
very gradual, as may be seen from the following calculation. 

From the cross section, shown in Fig. 2, we may calculate approximately 
sectional area of backwater as compared with sectional area of stream. 
The widths are nearly correct, but the depths in the absence of a series 
of soundings can only be approximate. Let d = mean depth of stream. 
The backwater on right bank is 14 miles wide, and % din depth; the. 
backwater on left bank is 14 miles wide, and 4 d in depth; and the stream 
itself is 2:75 miles wide, we have— 

Sectional area of inundation, 1 nee : tae i re . ‘ : aa re 

5:7 
| i ‘5 Stream, ... «. 2°75 x d == 2°75 
Wherefore sectional area of inundation is more than double sectional ares 
of stream. 

Again the Ganges basin is not less than 700,000 square miles, and as it 
may be assumed that over such a great area, local variations in rainfall 
will compensate one another, the inundation would be gradual and harm- 
less, and not sudden and destructive, and the small declivity of the stream, 
about four inches per mile, must be taken into consideration. The flood 
levels of the Monghyr and Patna road, which runs parallel to the river 
give— 

(Red. District, ... 10,000 4. 58°85) 
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which gives a fall of 9:09 in 140,000 lineal feet, or nearly four inches 
per mile. | 

In road making in the Ganges inundation, we may take as examples 
of the two distinct methods of procedure required to be adopted on the 
right bank, the Bhaugulpore to Monghyr road parallel to, and the Sultan- 
gunge and Arjusgunge road at right angles to, the river. On the left 
bank, the Monghyr to Tirhoot road parallel to, and the Ganges to Made- 
pore road at right angles to, the same, (see Sketch Map, Plate XI.) 

The Bhaugulpore to Monghyr Road.—To make an embankment above 
flood level with no openings or bridges, would be to shut out the Ganges 
inundation, and interfere with local drainage. To provide bridges where- 
ever a local drainage is intersected, would require the bridges to be so 
constructed, as to withstand the rush and outflow of the inundation, 
compared with which the local drainage would be inappreciable. So cost- 
ly would this be, that it is doubtful whether it would be economical to 
aim at more than a fair weather track along such a line, seeing that water 
communication is available all the year round. In the case of the Railway, 
which runs alongside, ample bridging has been provided, and during the 
inundation, the water passes to the south of the line above, and returns to 
the river below Sultangunge. In this case, the inundation is really an 
arm about 20 miles long of the Ganges, the current being perceptible 
wherever the basin is contracted. 

The Sultangunge and Arjusgunge Road.—This road from the Ist to the 
8rd mile, passes through the Ganges inundation, and is provided with 
three timber bridges, aggregating a waterway of 480 running feet. The 
basin of water varies from 3 and 4, to 8 and 9 feet in depth. The spill 
of the Ganges takes place between Burriarpore and Sultangunge, (see 
Plate XI.,) so assuming the rate of declivity of the inundation to be the 
same as that of the river, the extra height of ponding up caused by having 
an embanked road with no openings, would be about 3°0 feet. This has to 
be reduced to 1:0 feet, since the water as it passea through the present 
openings has to attain a head of about 2-0 feet, It is, therefore, probable 
that the embanked and unbridged road, would not cause the inundation 
to rise appreciably higher. ‘The local drainage could be dealt with by 
one or more culverts, constructed as substantially as an ordinary sluice. 

Lhe Monghyr to Tirhoot Road.—This road for 60 miles runs through 
the inundation of the Ganges. The principle on which it is constructed is, 
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that all side channels of the river are bridged, culverts are provided for 
local depressions, and the bank in certain places is kept low, so as to be 
topped and breached by very high floods, and thus to save the bridges, It 
may be noted, however, that this plan was not approved of by the Chief En- 
gineer. Theidea appears to have been, to equalize as quickly as possible, 
the pressure of the flood waters on both sides of the road, but the result 
is, that it is little better than a fair weather track. It would probably 
have been more economical and certainly more useful, had the road ‘been 
aligned, so aso get out of the inundation as soon as possible. 

The Ganges to Madepore Road.—The following abstract of levels 
along the road, will give an idea of the very gradual rise of the country 
from the river. 














Mile. Red. Level N. &. | Mean flood level, Remarks. 

: obs } 98°67 Inundated tracts with no de- 
10 88 29 96°70 fined declivity. It is worth not- 
15 89 63 99-00 ing that flood level rises as it 
20 95°18 99°57 recedes from the river. 

25 102-94 Mile 0 is at Lattipore—mile 
30 107:39 44 at Madepore, 

85 11-41 

40 120-00 








From mile 25 to 40, the rise is 17:06 feet, or a little over 1-0 feet per 
mile. This road commences at the Latipore factory, 6 miles north of 
Bhaugulpore. From the 0 to the 7th mile, it traverses the strip of land 
previously noticed, which is only covered in very high floods, and from 
the 7th to the 19th mile, the inundation proper. Owing to the prevail- 
ing wind being from the east, the eastern slopes are much cut up by the 
waves, and in some places the road is altogether washed away. Fig. 8 


Fig. 8. 


East 





igs” Shows the section of the road where the depth of water is from four to. 
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five feet. No berm being left between the bank and excavation pits, the 
waves break on the bank with their full force. The jungle and coarse 
grass that grow luxuriantly on the road, are sufficient to protect it from 
ripples of shallow water, but more substantial protection is required where 
the depth of water enables the waves to break on the slopes. A dowel, 
vide Fig. 4, would be useful, but scarcely permanent. If a part of the 


Fig. 4. 





berm was enclosed and planted with trees, they would probably be in a 
position to stand, without injury, the inundation of two to three months of 
the year, by the time the protecting dowel was washed down. The dowel 
proposed as a breakwater, should be connected with the road at intervals 
by transverse dowels. 

It may be useful to give the results of trips from the north to the 
south, and from the south to the north of the Ganges, during the 
period of the inundation. From Soopole to Baktiarpore, there is no- 
thing that cannot be easily remedied to obstruct cart traffic. Starting 
from Chiknaghat in boats (vide Plate XI.) at 8 a.m., on the 25th July, 
we arrived at Khagaria at about 6r.u. We had to go due south, rowing 
in deep water, and poling in shallow water, and as the wind was from 
the east, we could not use awnings. On the 26th July, we proceeded 
about three miles by boat, through a spill channel of the Ganges, into the 
Boora Gundak, and at the end of the 8rd mile, we found the channel 
dry, owing to a fall in the level of the river. From here we had to 
proceed to the ferry three miles above Monghyr. The ferry boat, carried 
down by the stream, landed us at Monghyr in one hour. The route is 
shown in dotted lines. With an east wind, the Monghyr ferry boat 
takes half an hour, going from the left to the right bank. In the next 
trip from Bhaugulpore to the north, the boat (we started on the 2nd 
August) hed to sail up the stream five miles, then drop down the central 
channel, and finally sail up the third. channel to Latipore. This part of 
the journey took four hours. Latipore is at the first mile of the Made- 
pore road and to the 7th mile there is no inundation. From the 7th 
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to the 17th mile, the journey takes nine hours, At the 17th mile, the 
embanked road being in good order, takes up the traffic for the remain- 
ing two miles of the inundation. It will be evident from this account, 
that the inundation, and not the river, is the great obstacle to easy 
communication between north and south Bhaugulpore. 

Many valuable results would be obtained by preparing an accurate map 
on the plan shown in Sketch Map, (Plate XI.,\ and tracing by numerous 
gauges down the river from Monghyr, the rise and fall of each, with refer- 
ence to the rise and fall at Monghyr. In addition it would be also neces- 
sary to have good observations of the effect produced when the inunda- 
tion commences, and when it subsides: something might be gleaned by 
tracing the alluvion and diluvion. 

Pachyachia and Nowhatta Road.—This is a good specimen of the 
spasmodic way in which a native landed proprietor attempts to open out 
communications for his villagers. Work on a road is most energeticaily 
commenced-—is as suddenly stopped—is not renewed—is a dead loss to the 
orginator—and of no use to the public. This road was made by a wealthy 
Brahmin, Nila Nand Singh, about four years ago. Itisa bank from 5 to 
9 feet high, with a roadway of about 14 feet, and no side slopes. Itruns 
across the valley ofthe Dimra. Ithas three culverts, aggregating a water- 
way of 58 running feet for the spill waters of the right bank. These cul- 
verts are huge blocks of masonry, with small tunnels pierced in them; the 
lines of the blocks are not even square to the road, the masonry is of small 
bricks laid in an unlimited amount of shell lime mortar, but fortunately 
for the permanency of these works with a sluggish stream, the spill water 
does not require much waterway. Like all Zamindaree roads, it is furrow- 
ed by two wheel tracks, from 6 to 16 inches in depth, that make it very 
Jaborious for draught. Owing to the height of bank, and absence of 
proper side slopes, the safe working width of the road is only above 8:0 
feet. All roads that can only be repaired at long intervals should have a 
width of at least 20 feet. 

Drainages.—In the construction of roads, railroads and canals in the 
great plains of India, the most important question—as it requires a per- 
sonal acquaintance with the country traversed—is the proper provision 
for the drainage. The following classifications of North Bhaugulpore 
drainage will, it is believed, meet all the cases excluding large and well- 
known rivers that are to be met with. . 
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(a). Streams like the Tiljuga and the Dimra which rise in the Nepél 
Terai, have a permanent supply, and a well defined course, 

(d). Streams like the Tilabah and Parwar, which, while having defined 
channels, depend entirely on the local rainfall. 

(c). Flat swampy country like that between Singhessur and Pertab- 
gunge, where the exact position of a culvert is immaterial. 

(d). Sidelong ground of small extent, as may be met with south of 
Sookhpore, where the culvert provided must discharge suffici- 
ently fast-to prevent the road bank being topped. 

The following shows the measured discharges of some of the streams. 
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In bridging the Tiljuga or Dimra, it is not necessary to provide head 
way for the water traffic, as it is of no importance. A break of 15 to 20 
days of clear weather, will make the Dimra too shallow for a boat drawing 
more than 1-0 to 1'5 feet. 
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Tanie B. 


Flood sections of Dimra ( ak and Soopole Road), 
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By Neville’s formula, the flood discharge can be obtained from the ob- 
served discharge as follows :— 


D:D: :0a /%: oa, / Be. 


Where D,, A,, and R, are values taken from observation 2, Table A.,. 
and A and R from Table B. 
429:D:: 300 x a/2-78 : 1,053 4/878 


Dax 1088 x 2:96 x 429 
oe lata ~ 300 x 1°668 


Discharge of spill on right bank as per figures in Table B. 
For a hydraulic mean depth of 3:11, the mean velocity according to 
the observation No. 3, Table A., would be 2:24 feet nearly. 
Therefore discharge = 1 249 x 2:24 feet = 2,781 cubic feet. 
Discharge of spill on left bank as per Table B. 
The hydraylic mean depth being 2:66, the mean velocity according to 
observation No. 2, Table A., would be 1°63 feet nearly. 
Therefore, discharge = 398 x 1:63 feet = 1,263 cubic feet, and total 
discharge would be— 
Channel discharge = 3,057 
Spill of right bank = 2,781 
» left 4, == 1,463 


= 3,057 cubic feet per second. 





Total, ... 7,301 cub. ft. per second. 


iarenaPett aa eR 


This flood section of the Dimra is shown in Fig. 1, Plate XII. The four 
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observations of the Dimra given in Table A., are instructive, as showing how 
strikingly the discharge varies in different reaches. No. 1 is taken near 
Pathra, (wide Sketch Map, Plate XI.,) where the stream runs through a 
tract of lowland, with a spill into the Bati stream. Owing to this, the ob- 
served mean velocity is 0°87, instead of being 1°82, due to a declivity 
equal to that in observation No.2. Nos. 2 and 3 taken west of Bina, show 
high velocities, snd a flood discharge of 7,301 cubic feet per second, 
whereas No. 4 taken 10 miles further down, shows only a velocity of 0°81, 
and a discharge of 969 cubic feet per second, with the level of the water at 
time of observation only 1:0 feet below flood level. The style of country— 
more swampy than in section No. 1, will be seen from Sketch Map, 
The estimated flood discharge at this point is 1,635 cubic feet. There is 
no spl between, but on the contrary a portion of the spill above Pathra, 
a considerable drainage from the east, fall into the Dimra between the 
point of observation Nos. 2 and 4. It follows that much more expensive 
bridging is required 10 miles above, than at this place. Judging from 
appearances, the opposite conclusion would be arrived at. 

The following is an illustration of a simple method of calculating the 
waterway of a bridge in this particular caso of the Soopole and Singhesur 
road, with least disturbance to the stream. 

The hydraulic mean depth of the channel is 8°78, and therefore omitting 
fractions, the depth of the water on floor of bridge should be 9:0 feet (=). 

The mean velocity (v) of channel discharge is 3°8 feet per second, there- 


fore running feet of waterway = > = — = 90 feet nearly = 6 


spans of 15 feet each. 

Flood openings or culverts for spill waters.—The hydraulic mean depth 
of right bank is 3:11, and therefore depth of water may be 3°5 feet, and as 
a casual rush of water through a road masonry culvert with small open- 
ings can do no harm, the velocity may be taken at 5 feet, which is obtain- 
ed by a small amount of heading up, or afflux of about 1°2 feet, therefore 

2781 





ranning feet of waterway required is = Fx gE = 170 feet nearly, For 
left bank it is a == 90 feet nearly. Further and more minute surveys 


would determine how far this maximum waterway may be reduced, and 
dhow much ponding up may be allowed. Moreover a longer bridge and 
less length of culvert would be cheaper, but not to be recommended, 
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In fixing the level of flooring and springing lines, the datum line is 
highest flood level, If navigation is not to be provided for, springing 
lines of all atohes should be at level of highest food matk. The floor- 
inga of centre bays, or bays should be flush with lowest depth of bed in 
mean section; the foorings of abutment bays should be helow highest flood 
mark, a depth equal to the hydraulic mean depth, and the intermediate 
bays should be stepped down to meet central one. This arrangement 
prevents the stream from ever taking the bridge in flank. The floorings 
being arranged as given in Fig. 1, Plate XII, and the depth of the head ° 
wall of each bay being the same, we have— 

(a). Economy in up-stream foundations at abutments, 

(5). Greater discharging power. 

(c). The flooring and not the down-stream earthen bed is exposed 

to the action of the afflux. 

(d). The deep stream is forced through the centre bays. 


Taste OC. '* WA SALAR JUNG BANADL 


Flood Sections of the Tiljuga and its affiuents. 














Ricur Bank | OHANNEL, | LErr BawK, 
Area. | W.P e u >| Area, | W. P. aM.D| Ares. | W.P. [H.M.D. 
{ 
Tijege, «| a,a76| 1,800, reel 1,614) 197/ ... | aa77| a7 aus 
Paridhar, ... |11,250/ 8,000| 875/ 1,749] 186] 4. | 4,000] 1,0001 4-00 


Tiradhar, oo. | 8,360) 1,520) 6550, 944 102) 8,900; 1, 2°60 


The Paridhar is a spill channel of the Tiljuga. From the exceedingly 
small velocities, it might be thought that the inundation affected these 
streams at Mahesi, though this place is 82 miles above Monghyr. But 
in March last, two months before the river could affect the Tiljuga, it ap- 
peared to be a very sluggish stream. In observations 6, 7, and 8 of Table 
of Discharges; comparing velocities with hydraulic mean depths, ahows 
that very little provision is required for culverts for spill waters. In the 
ome of the Tiradher, that a bunded road through % woald only require 
threa or four small sluices. 

Temporary drainage crossiage.—It is ¢gvident that all local drainages 

VOL, TY..-BECOMD SERIES. t 


Ed 


88 BOARA ON WORTH BEANGULPORE—ZENGAL 
can onty have # canning etroem doring, and for « shorter ov longer period 
akber, a fall of rain. In such cases, culvert ig only a neoagsity On drt 
qlant roads. The present plan of leaving gaps in the road bawk in due 
lowest part for drainage, will be found of examination to le » piiatale, 
For instance, take the crossing of the Parwan nullah on the Seepols ang 
Poepra road, (Fign Band 4, Plate KIL) The road happens to orpes ab & 
reach of the stream where the bed is for half a mile or more, nothing 
but a long trough, vetaining a quantity of water long after the drainage 
has been passed off. In such a case, the traffic has to ford even when 
there is no perceptible velocity. Obviously the remedy is to bank the 
road across the drainage, making a diversion oat with the level of its 
bed, at such a height as to ensure a rupning stream es long as there ie 
drainage to be run off. It is evident that the diversion gut will be dry 
soon after the rain has ceased. Tho new bed being more often dry will 
be iess miry than the old one. The higher the diversion bed, and the 
wider it is, the leas depth of water to be forded. If the bed and ramps 
are paved with lamps of burnt clay, or any other hard material that may 
be available, the ford will never obstruct traffic. These fords could be 
used at all places where the depth of water in diversion did not exceed * 
one and a half, or at the most two feet. The following is a simple rale 
for determining section of diversion cut— 
Let x == depth of bed of diversion ent below maximum flood level. 
A. == Mean area of flood section of drainage channel. 
@ and » =<: Mean area aud mean velocity at time of observation. 
» == Mean velocity of drainage channel in flood. 
=z Mean width of diversion cut. 
¢ =: Mean velocity permissible in diversion cut. 


p Axv¥ 
Then y =x — A>, 


‘This method, of obtaining V is indicated in the calculation of the Dimre, 
and the emaller v is compared to hydraulic mean depth, the more ponding 
ap may be allowed to reduce width of diversion out. ‘ 
Road Sactions.—(In Fige. 5, 6, 7 and 8, half sections only ave shown), 
In raising « bak, the usual thing is to throw the earth from the senkts 
outwards. Although the undremed bank throws up ix this manner 
may be allowed to settle during = whole rainy someon, the garth that 
has to be thrown in to fill up gaye int the sides and plopes will not tial 
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_ The repairs of the road-bank will depend after this on the wear and tear 
of traffic, and not appreciably on the rainfall.’ Where the road passes 
through very sandy soil, the best stuff available, even if it cost something 
more, should be used for the dowels, and the hearting filled up with what 
can be obtained alongside. 

Arranging and lining out a network of roads.—In the hilly pee to 
the south of the Ganges, the obstacles to communications are steep. and 
rocky slopes and trees. The drainages pass off the rainfall so rapidly that 
water is a minor obstacle. On the flat plains of the north, the obstacles 
are cultivation, swampy ground, and the larger drainages. As a first step, 
the obstacle caused by cultivation is disposed of by marking off the ground 
that is to form the public highway. Swampy ground, the most important 
obstacle, is remedied by a bank of earth. As for the larger drainages, they 
are isolated obstacles that do not cause that great wear and tear to carri- 
age, that swampy country does. In North Bhaugulpore, they carry the 
loads across stream in canoes or on men’s heads, and swim the carts and 
bullocks across. In the case of the roads in the neighbourhood of Soopole, 
(vide Sketch Map, Plate XI.,) we find the following errors :—_ 

(1). On the road from Soopole to Dagmara, we find there timber 
bridges of from 80 to 100 feet waterway over the spills of the Dimra. An 
examination of the country shows that tho spills might have been banked 
across, and the cost (about Rs. 60 per running foot) of bridging saved. 

(2). It will be seen that the three roads from the east might have 
‘been lined out, so as to cross at Bina. Here one bridge would answer 
for the roads without making the roads munch longer. 

In converging roads, it is certainly economical to throw one into the 
other, even though the angle of intersection be great. The Soopole and 
the Peepra road, should have met the Dagmara road two miles North 
East of Soopole. A road can depart considerably from a straight line 
without increasing its length appreciably. In a new country the short- 
ness of the route is not so desirable as a surface easy for eranspore | 


BHAUGULPORE, | _ | :  £, A. 8. 
8th November, 1874. | 
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No. CXLVI 
EXPERIMENTS ON CEMENTS AT BANGALORE. 


A Report by Suranon E. Nicnorson, B.M.S., on Special Duty, 
D. PL. 


Bangalore, 20th Novw., 1873. 
Havina completed my cement-testing machine, and other contingencies, 
I began a series of experiments with a view of ascertaining what results 
could be obtained with such materials as are at the disposal of every 
Engineer, viz., brick, lime, and sand, before attempting the employment 
of new materials. 

After many preliminary experiments, I settled upon the following teste 
for the quality of mortars and cements. 

Tensile strength was determined on the standard bricket adopted by the 
Metropolitan Board of Works. This bricket of 74 inches long (it may con- 
veniently be shorter) and 14 inches thick, is 3 inches broad at each end, 
the middle portion for a length of 14 inches being only 1} inches broad, 
thus presenting in the waist a section of 24 square inches. The broad 
ends ara held by two clips which are pulled asunder by a gradually in- 
creasing strain until rupture of the bricket takes place; this strain can 
be applied im various ways, preferably by a lever machine. The ingtru- 
ment used in the Board of Works trials and that, of Hervé-Mangon are 

levers of the first kind; the machine I use is a lever of the second kind, 
in which the disruptive force is applied to the lower clip of the bricket, 
the upper ‘being suspended from a strap passed over the upper beam of 
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théaquare frame. This machine answers perfectly well, and tested with 
weights is of considerable exactitude; it was made up for me =. an 
‘Endian-blacksmith at a cost not exceeding Rs. 100, | 

At the beginning of October I received the Michele's patent cement- 
testing machine from England. ' I have no appliances for testing it with 
weights; but I can readily naderstand that, the indications are compara- 
tively rough, and not to be relied on within 15 or 20 lbs. The graduation 
of the arc is necessarily arbitrary, for while the counterpoise is rising along 
it, the short arm of the lever is traversing another arc of very different 
radius, and the friction of the axle tends to dullen the indication. The 
index slips back with the fall of the counterpoise, instead of remaining 
steady; I have remedied this by attaching a friction pad of India-rubber 
to the back of the index. The check bolts connecting the clips are liable 
to jam, and I should prefer them to be of less diameter. The bricket 
monids supplied are of a form adapted to the peculiar clips of the ma- 
chine; the waist of the bricket, instead of being square in section for a 
length of 14 inches, is bi-concave at the sides, so that the standard section 
of 24 square inches is only found at one point. This modification, 
though convenient in some respects, appears to favour the bricket by 
throwing the line of rupture off from the narrowest part of the neck. 
Whichever be the cause, the dulness of the machine itself, or the form of 
bricket, one thing appears certain, that the machine is only adapted for 
cement to the exclusion of miscellaneous coinpositions; that above 800 
Ibs. it gives « higher tensile strength than is shown by lever machines 
with the old form of bricket, and that the error increases with the weight 
indicated. The following comparative experiments were made with brick- 
eta from the same batch of cement, and in series of not less than mee, 
the average of which was taken :— 


| Age. breve Machine] | Michele's, hs ‘Difference. - 





Daye. | ibs. Ibe, per cent. 
1 Cement, 1 Band,.. “se 8 318 — 8 | 
Do. ee we 7 899 $46 +12 ihe 
Do. oe on 28 487 ‘ 581 + ‘38 is 
Do. ae oo 28 483 . 607 “pe 9g ss 
Do. i. & 34 ‘BOT |. BBB + 32. 
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Adhesive strength was determined by the force required to tear asunder 
& joint made between two good bricks. I adopted the system of crossed 
bricks used by Colonel Sotten, U.S.E. The bricks used were those made 
by the Sappers and Miners, excellent for ordinary work, and indeed far 
superior to any other brick I have seen in Bangalore. I have lately 
used some very superior bricks made by the Sappers and Miners express- 
ly for the work; they are made of washed clay and felapar. The bricks 
being 4} inches broad, a cross-joint presents a surface of 18 square inches. 
They were joined under the pressure of # man leaning heavily on the 
uppermost, and after a certain interval they were tested in the same 
machine that was used for breaking brickets. The bricket strap being 
slid aside, was replaced by two stirrups, which supported the ends of the 
upper brick, whilst two other stirrups, a plate and hook, connected the 
lower brick to the lever of the machine. By the addition of a small 
lever, having only 20 lbs. preponderance, below the large lever, I have 
enabled the machine to test the weakest mortars as well as the strongest. 
Adhesive strength varies of course with different materials; as it is much 
less than the tensile strength of the mortar-joint, it is not interfered with 
by the latter; the adhesion yields long before the joint itself, though a 
person seeing the joint broken from the shock, and from the adhesion 
having yielded simultancously on either side, might think the joint itself 
gone, and that the adhesion of parts of the joint to the surface of the 
brick showed the adhesion to be stronger than the joint. This is a com- 
mon error, but a moment’s reflection on the great tensile strength of 
mortars compared to their adhesive strength will show that this is an 
error. The tensile strength of a mortar joint is on the average about 
seven times greater than its adhesiveness to the surface of the brick 
which it joins, and it would therefore appear that the objection made 
by Major (now Major-General) H. D. Y. Scott, R.E., to Sir Charles 
Pasley’s tests (viz., that the breaking weight of a joint ‘ig a measure 
of the tenacity or adhesion of the mortar alone, or partly of its cohe- 
sion and partly of its adhesion” is ill-founded. But even were the 
weight required to tear a brick joint asunder affected by the tensile 
strength of the mortar, the test would still be of great value from 
its practical application to the quality of the mortar for brick-laying 
purposes, 

| The setting of the. sanitas under water is an important point, When 
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the mortar is packed in a confined space, the rapidity of setting: may be 
taken as a measure of hydraulic energy. But when the mortar is placed | 
under water without support, as in the form of a ball, another property, ~ 
hydraulic plasticity, becomes apparent. Portland cement, though setting’ 
far more rapidly than soorkee mortar, yet possesses much less hydraulic: 
plasticity ; a ball of cement (at least of the sample I worked with), will 
not stand if immersed in less than two hours after it was made, while 
soorkee mortars have generally sufficient plasticity to enable them to stand 
immediate immersion. And some hydraulic limes, which possess suffi- 
cient plasticity to stand immersion in the shape of a ball, yet do not set 
hard for two or three weeks. The hydraulic energy of a lime or roortar 
is generally tested by the time required before a cake of the mortar im- 
mersed at once will support the weight of a loaded needle. Unfortunate- 
ly this instrument has not been of a very uniform nature in the experi- 
ments extant. While Vicat’s original needle was, I believe, 2 millimetres 
(078 inch) in diameter at the flat point and loaded with one kilogramme 
(2:2 lbs.), other diameters and weights have been freely used. Gilmore 
mentions two needles, one of ,',-iInch diameter loaded with } Ib., and 
another of ,!,-inch diameter loaded with 1lb. Mr. Dejoux does not des- 
cribe the needle he uses, but he quotes French specifications in which a 
needle of »4,-inch, loaded with 10 oz. is used, as a test for the hydraulic value 
of lime. I use myself Gillmore’s two needles, the light one for ascertaining 
the‘ soft’ set, and the heavy one for the ‘hard’ set, the lime or mortar 
being contained in a small chatty of about 2 inches diameter, such as are 
obtainable in the bazaar at the rate of four annasahundred. These needles 
are useful, but I attach little importance to their indications comparative- 
ly with the numerical indications given by the adhesive strength of brick. 
-oints. Unless a lime is strongly hydraulic one may have to wait for 
days before any indications of setting take place. I prefer to join one or 
more pairs of bricks, immerse them at once, and test the breaking weight 
of the joints after 24 hours, and after seven days or even 28 days, and I. 
believe that Engineers desiring to test the quality of a lime will find this 
practical test far preferable to the needle teat. 

I use, then, but two processes for ascertaining the value of a lime ¢ or 
mortar, viz., the bricket test for tensile atrength, and the brick- -joint teat 
for adhesive strength and hydraulic energy. T prepate with each oom po- 
sition six or more brickets, and from nine to twelve brick joints, and stb- 
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a these to the following errata in air or water previous to trial j in 
the machine :— 


| Probation. | Day of trial. | Indication. 


(a). Tensile strength. In air. {In water. 
8 Brickets, .. --| 28 days (in os 28th, »- ,Value for dry concrete 


box).. and var ie 
8 Brickets, .«. © .:/1 day (in | 27 days,| 28th «+ {Value for aperanite 
damp box) concrete 


(b). Adhesive strength. 


8 Brick joints, ..(28 days (open} .. 28th e+ |Valnoe for ordinar 
shade) ae brickwork. ? 
8 Do. oe ee 28 days, | 28th, -. |Value for hydraulic 
| brickwork. 


(c). Hydraulic energy. 


1 Brick joint,.. oe ee 1 day, jafter 24 hours|/Hydraulic energy. 
1 Do. ee oe os 7 days, |8th day, Do. 


In the case of feebly hydraulic mortars the brickets cannot be immersed 
so soon as 24 hours after making ; seven days or even one month must 
elapse; and it is also necessary to defer the immersion of the brick joints 
for one to seven days. In special cases it may also may be well to try 
the effect of immersing joints made with cement or strongly hydranlic 
lime after one day in air, and thus to ascertain the gain or loss of strength 
by the delay in immersion. 

The series of experiments now submitted, and the detail of which is 
appended, includes many preliminary experiments, and is not so systema- 
tic as I should wish; moreover, having for along time but few bricks 
capable of standing more than 20 lbs. per square inch in the adhesive 
strength experiments without peeling, I was obliged to allow the bricks 
weakened by immersion to dry for six or seven days before they could be 
tried; this exposure being fayourable to the brick, but generally unfa- 
vourable to the mortar. Having now explained the principles on which 
these experiments were conducted, I may proceed to give the results ob- 
tained. Quantities are always given in parts by measure, unless otherwise 
specified. Lime ia measured in the state of paste, as the volume of slaked 
lime produced by a given bulk of lime is variable, and measurements. in 
quick lime are inconvenient. The volume of paste is the active volume 
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of the lime when in combination with other materials ; it is very constant, 
and does not differ greatly from that of the quick-lime, being about equa) 
to it in stone-Jimes, and about 4rd greater in shell and other fat limes. 


Experiments on Mortars of Shetl-Lime and Sand. 


‘The shell-lime commonly used for works near the Indian coasts may be 
taken as the type of the fat limes of India, as chalk-lime is that of the | 
fat limes of Europe; both chalk and shells consist of nearly pure calciam 
carbonate. The shell-lime which I used was sent me by the District 
Engineer, Presidency. Its specific gravity in bulk was ‘86; it slaked in 
15 minutes after being watered, nearly doubling in bulk: specifie gravity, 
‘55. The slaked lime, passed through a seive of 45 meshes to the inch, 
gave 22 percent. of siftings, principally unburnt shell, and 78 per cent. of 
fine lime; this latter, specifie gravity in bulk, 0°5, contained on analysis~ 


1°7 foreign matters (brick dust, &c.) 
12°4 calcium carbonate. 
85'9 calcium hydrate. 


| 100 

The slaked lime required its weight (half its bulk) of water to become a 
paste, the volume of which was ljrd that of the quick-lime, rd that of 
the slaked lime. The sand used was good Bangalore pit-sand, princi- 
pally formed from the decomposition of the gneis rock. In some of the 
experiments it was sized by sifting ; sand not passing through a seive of 
35 meshes being considered as coarse. From the experiments detailed in 
the Appendix, Series A., I deduce the following conclusions. 

The strength of a mortar of fat lime snd sand is owing nearly entirely 
to the effect of desiccation. As long as itis kept damp, it acquires no 
strength, and when dry (for it does not‘set’) although hard and even 
resonant on the surface, it crumbles into powder directly the carbonated 
crust is broken through. Some effect is produced by the gradual com-’ 
bination of the sand and lime under favourable circumstances, such ag 
sharpness, fineness or porosity of sand, as exposure to alternate damp 
and dryness after the first drying has taken place; but these effects are 
very irregular and so slow, that after 80 years they are barely pereep- 
tible. . : : 

This is clearly shown by the following table, in which the average and 
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best mortars of my experiments are contrasted with mortars tried by 
Captain Smith, Madras Engineers (quoted in the Roorkee C. H. ia 
Treatise), and by Sir Charles Pasley :—- 





| Adhssive strength. 





lbs. per square inch. 
t 
Series A., average mortar, 3 sand, 28 days | 28 
Do best do, 14 sand, Do. 46 
Captain Smith’s do, 1§ sand, 13 years 


Chatham lines, best mortar, ws awe we | 80 years 





If this strength, even at 30 years old, be compared with that of u it 
will be seen that the comparison is by no means favourable to the of 
sand mortar of fat lime. (Bricks joined with the mud formed 
ordinary loamy soil of Bangalore, showed in six days an adhesive st 

of 5:3 Ibs, per square inch. A joint of the same mud, but pointed th 
inch deep with good soorkee mortar, and left exposed to the weather, gave 
after three months an adhesive strength of 7-3 lbs. per square inch). 

This mortar is not only entirely devoid of hydraulic properties, and 
incapable of hardening in a damp atmosphere, but if submerged before 
complete desiccation has taken place, the adhesion already acquired will 
disappear. This may happen after seven days, and even after 28 days, 
but the strength will sometimes re-appear on subsequent desiccation. 
During immersion the strength is all but in abeyance. 

The best results were obtained with one part of lime-paste to 14 of 
sand, but as miuch as three parts of sand may be used without great 
deterioration. Sand requires about °4 of its volume of water to saturate 
it; we may therefore infer that 1 part of lime-paste will just fill up the 
intervals of 2} parts of sand; it is, however, hardly safe to ullow no more 
lime than will be just sufficient to fill up the intervals; therefore the pro- 
portion of 1 to 2 will be fuund more generally applicable. Practically, it 
will be found that sand moistened and mixed with 4rd of stiff lime-paste 
hardly increases in volume. 

. The hardening of the mortar being entirely due to eielinn It is not 
necessary that the bricks should be soaked in water, When a hydraulic 
mortar is used, the bricks should be saturated by at least one hour's im~ 
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mersion before being laid, but in the case of mortars of sand and fat lime, 
saturation of the bricks appears to be positively detrimental; it is suffi- 
cient if they are dipped into water for a few seconds immediately before 
laying. 

Euaperiments with Mortar of Sand and slightly Hydraulic Lime. 


These experiments, detailed in the Appendix, Series B., were made 
with a lime made at Kistnarajpur, near Bangalore, and procurable in the 
bazaar. It is in small nodules of a pinkish gray colour, which becomes 
greenish gray when powdered, resembling Portland cement in colour, In 
bulk its specific gravity is ‘95; powdered it is 1-0, when slaked the vo- 
lume increases less than one-third, and the specific gravity is -80. The 
slaked lime requires one-third of its bulk of water to become a paste, 
returning to the original volume of the quick-lime. The slaked lime was 
found to contain— 

12:3 insoluble silicates. 
88 calcium carbonate and silicates. 
789 calcium hydrate. 
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This lime may be taken as the type of the moderately rich kunkor limes 
of India; and being able to get it fresh, I made several series of experi- 
ments with it. It is generally very badly burnt, owing to the high: price 
of fuel near Bangalore, and in this case, yields a Jarge quantity of ‘kuppy,’ 
or unburnt refuse, when slaked and beaten. Its price is rarely less than 
one rupee per parah of 24 cubic feet, but althongh one parah does not 
yield much more than its bulk of slaked lime after deducting the‘ kuppy,’ 
the slaked lime is sold at little more than half the price of the quick 
lime; it is probably much adulterated. For concrete work, the whole 
lime, after slaking, may be ground into fluid paste; but for brickwork it 
must be.separated from the ‘ kuppy,’ or ground ‘ quick’ and.then alaked, 

This class of limes will not bear so much sand as shell-lime; ag a rale 
not more than two parts of sand should be used to one part of lime, quick 
or in paste. Nevertheless some unusually good results were obtained 
with three parts of sand, of which one part, fine, was added first, the 
two other parts, coarse, being subsequently incorporated. . The adhesive 
strength is from 5-8 to 8-9 tbs. at 28 days’ old not immersed ; ee ten- 
sile strength 20 to 50 tbs. persquareinch, 4. wat 
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- Mortar made with this lime resists the action of water, and even im- 
proves under it, but in proportion to the lapse of time allowed before 
immersion. The tensile strength of the mortar especially improved by 
immersion after complete setting in air. Brickets giving only 24 tbs. 
per square inch after four weeks in air, attained a strength of 62 tbs. by 
immersion for another four weeks. 


Experiments with other Hydraulic Sand mortars. 


- T have only been able to examine a few of the limes yielded by lime- 
stones already analyzed; this part of the work I reserved until I should 
have completed the preliminary experiments on typical materials. The 
results obtained from some of these limes are detailed in the Appendix, 
Series C., and may be summarized as follows :— 

Bhowany, Kotamunglum —This limestone contained 60°9 per cent. of 
silicates, 29 of calcium of carbonate, and 6:1 of magnesium carbonate. 
It is friable, in large blocks, and I marked it ‘‘ too meagre.” I was, 
however, somewhat surprised to find, on burning half the sample, that a 
joint made with the lime, neat, gave the great strength of 19-9 tbs. per | 
square inch. The lime does not slake, it should be ground and used as a 
cement, 

Kolar No. 1, from Beirandhully on the Palar river. This nodular 
limestone contains 20-5 per cent. of silicates, 59°4 of calcium carbonate, 
and 5°83 of magnesium carbonate. _The lime from it gave good results, 
Mortar made with two parts of sand showed after 28 days an adhesive 
strength of 16:1 ibs. per — inch, dry, and 18:1 immersed. ‘Tensile 
strength 72 tbs. 

Kolar No. 2, from Beliaunglans on the Palar river. This nodular 
limestone contains 17:9 per cent. of silicates, 76°2 calcium carbonate, 
and 6:5 of magnesium carbonate. Mortar made with the lime which it 
yielded and two parte of sand, gave an adhesive strength of .6°6 ths. per 
‘equare inch, dry, and 61:1 tbs. immersed. Tensile strength 46 ths. oe 
‘equare inch, dry and 61 tbs. immersed. 

Limes made from the specimens of limestones sent from Palghat, 
Coimbatore, and Secunderabad were only slightly hydraulic. In many 
limestones want of homogeneity prevents them from showing, when burnt, 


the hydraulic preperties which their chemical i aca seems to in- 
dicate, : , : 
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Experiments on the addition of sugar to mortars, 


The addition of raw sugar or jaggery to the shell-lime mortars made 
in Madras has often been mentioned, but I have never seen the rationale 
of its employment correctly stated. In Burnell’s treatise on limes and 
mortars, the use of sugar is ascribed to its influence in retarding setting. 
In the Roorkee Treatise, it is stated that the bad qualities of fat limes 
“may be in some degree corrected by it, as its influence is very marked 
in the first solidification of the mortar. Captain Smith (Professional 
Papers, Madras Engineers), attributes the fact that mortars made of 
calcined shells have stood the action of the weather for centuries to this 
mixture of jaggery in their composition.” That the sugar has some ac- 
tion is shown both by my own experiments, and by those of Captain Smith 
recorded in the Roorkee Treatise. 
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These experiments accord fairly, and show that while some improve- 
ment doubtless attends the use of sugar, it is not so great as has been 
supposed. I have observed no difference in the solidification of the mor- 
tars made with, and without, sugar, except that the former take a sort of 
glaze on the surface. The reason of the beneficial action of sugar is, I 
consider, to be found in the greatly increased solubility of lime in 4 sac-: 
charine solation. Whilst water dissolves only about -1 per cent of lime, a 
moderately strong solution of sugar will dissolve as much as 8 per cent.; it 
is evident that the desiccation of the sugar solution will tend to strengthen 
the mortar by allowing the lime to crystallize, besides placing it in amore 
favourable position for combination with the sand. Ulteriorly the sugar 
probably becomes converted into carbonic acid and water, another cir 
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stance tending to strengthen the interior of the mortar. It is quite im- 
possible that sugar can act by retardation of the setting, for such action 
is decidedly unfavourable to a mortar which hardens not by setting, but 
by desiccation. It may also be noted that while sugar improves limes of 
sand and fat lime which harden only by desiccation, it is utterly destrac- 
tige of the setting properties possessed by a mortar of soorkee and fat lime. 
A mortar composed of 1 shell-lime, 5 soorkee, which showed an adhesive 
strength of 6°5 Ibs. per square inch only stood 1-1 Ib. when roade up with 
jeggery water, and the tensile strength of 110 Ibs. per square inch fell to : 
20 Ibs. 


Experiments on the addition of Silicate of Soda, or of Alum-cake, 
to Mortars. 

The silicate of soda or of potash, known as ‘soluble glass,’ has been 
proposed for imparting hydraulic properties to fat limes, In. Gillmore’s 
treatise, it is stated that this result “‘may be obtained by forming this 
hydrate (of lime) into a paste, with a requisite proportion of silicate of 
soda.” My expectations were disappointed, for the mixtures which I 
made were quite worthless. The same disappointment occurred in the 
case of alum-cake (a commercial sulphate of alumina prepared from clay 
and containing silica). I had hoped that the formation of calcium sul- 
phate, aluminate and silicate wonld ensue on the mixture of this substance 
with fat lime, and that hydraulic properties would thus be imparted; but 
the experiment was a failure. 


Experiment on mortars of Lime and Soorkee. 


After obtaining the results detailed in the Appendix, Series E., I cannot 
but be surprised that the valuable properties of artificial puzzolana, made 
by pounding brick or other forms of burnt clay, should have been so neg- 
lected, although so well known. Whatever be the cause of the alleged failure 
of mortars made with this puzzolana when subjected for years to the 
action of sea-water, nothing has ever been proved against them for ordi- 
nary building or for inland hydraulic works. It has been alleged that 
sand produces a cheaper, harder, and stronger mortar. This is erroneous ; 
except in the case of strongly hydraulic limes, which are by no means 
common, the use of soorkee instead of sand increases beyond comparison 
the strength of the mortar even for ordinary building purposes, whilst the 
objections of increased cost and inferior hardness are founded on a inistake, 
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On the question of strength there is no comparison, as 8 glance at the 

results detailed in the Appendix will show; and as regards hardness and 

cost, the combination of soorkee and lime can be hardened by the addition 

of sand just as plain lime can, while the decrease in the proportion of 
lime required to produce a mortar or concrete of superior strength more 

than compensates the difference of price between soorkee and sang, 
Taking, for example, the case of a shell-lime mortar made with one part 

of lime to two of sand, this will be found quite hard on the outside, but 
directly the outer crust is broken, the whole crumbles away ; its tensile 
strength is about 8 tbs, per square inch, and it is utterly devoid of hydran- 
he properties. But if the shell-lime be mixed with three parts of soorkee 
(a material which can never hardly cost one-fourth the price of lime), the 
resulting mortar or rather cement will obviously be much cheaper, bulk 
for bulk, than the original lime (the cost being, say, that of 1 parah of 
lime against that of ith parah of lime and #ths parah of soorkee—the latter 
rarely costing more than 4rd the price of lime). Now, this cement which, 
if used neat for brickwork, is at least four times as strong as either pure 
lime or lime mixed with sand, besides improving considerably by immersion 
can be mixed with twice its volume of sand forming a mortar or concrete, 
the tensile strength of which is 120 tbs, per square inch, fifteen times that 
of sand mortar, while it is equally hard and much cheaper. The soorkee 
cement used, unmixed with sand, as a mortar in brickwork, is not dearer 
than sand mortar, inasmuch as the quantity of soorkee which can be used 
without loss of strength is greater than that of sand; moreover, the. 
plastic nature of the soorkee cement permits of joints being made with less 
than half the quantity which would be used in the case of sand mortar. 

This advantage is best shown when the bricks have fairly true surfaces, 

and considering the slight difference of price which there should be between 
well moulded bricks and badly moulded bricks, it is worth while taking 
_ cate that these should be as good as possible. Good table-moulded bricks 
use much less mortar than ground-moulded bricks, besides being much 
stronger. Even when the weak and rough ground-moulded bricks are 
alone available, there is yet considerable pecuniary economy in the use of 
the soorkee cement, inasmuch as the proportion of lime in it can be dimin- 
ished to less than half that which would be safe in sand mortar without 
the strength falling below that of the latter, or even of the bricks 
themselves. 
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-Soorkee cement should then be diluted with sand in order to obtain 
hardness with little loss of tensile strength, as in the case of concrete, but 
as a rule with soorkee, if the weakness of the bricks renders weakening of 
the mortar justifiable as a measure of economy. Very good hydraulic con- 
crete may thus be made with only one-twentieth of lime in materials (1 
lime, 3 soorkee, 6 sand, 10 gravel) and hydraulic mortar may contain as 
little as one-fifth or one-sixth of lime. 

‘The soorkee I used was of two kinds: one was the ordinary Sapperg 
and Miners brick (marked 8. and M.) pounded; the other was the com- 
mon country brick made near Bangalore, a very weak and roughly made 
article. These gave results nearly equally good, far better than those 
obtained with a soorkee made of fine washed clay. Soorkee made with 
broken pottery (of the black kind made with blue clay and paddy husk) 
gave also very good results. In each case the soorkee was passed through 
a seive of 45 meshes to the inch. 

The advantage of combining soorkee with lime is best shown in the case 
of fat lime; the more hydraulic the lime is naturally, the less is the advan- 
tage of soorkee. When lime possesses hydraulic properties, sand-mortar 
can be used for works which will not be at once subjected to the action of 
water, but in every case the substitution of soorkee for sand improves the 
strengtn of the mortar, makes it set much more quickly, and enables it to 
resist at once the action of water. A firm set is obtained in three days 
when the work is immersed at once, while a mortar of moderately hydraulic 
lime and sand will rarely set firm under water in less than three weeks. 

Soorkee cement answers well for plastering, it talses a polish equal to that 
of sand chunam, while it is far more durable and impermeable, and its 
strength is not dependent, as in the latter, on the surface remaining sound. 
The colour is buff or reddish and somewhat irregular if the work is done 
in hot dry weather, but where the work can be protected from the sun, as 
inside houses, the colour would probably remain uniform, and it would be 
more agreeable than the glare of white. 

The theory of the action of soorkee is based on the fact that the silicates 
of alumina forming clay are rendered more easily decomposable by heat. 
Clay is not acted on by acids in the cold, but when burnt it is nearly 
entirely decomposable, The manufacture of artificial or concentrated 
alum (sulphate of alumina) is founded on this property, Clay is reduced 
to a fine powder and roasted, it is then treated by dilute hot sulphuric 
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acid; alaminum sulphate is formed and silicic acid set free. An anslo- 
gous action takes place in the mixing and setting of soorkee cement; the 
lime attacks the clay rendered decomposable in burning, unites with the 
silicie acid to form silicates, and probably also combines with the liberated 
alumina. A good soorkee cement is then a silicate of lime analogous to 
Portland cement, and, like it, capable of hydrating and solidifying inde- 
pendently of atmospheric action. If the proportion of soorkee be suffici- 
ent to supply silicic acid to all the lime present, and the mixture well made, 
the composition is totally different from that of sand mortar; it is a true 
eement capable of setting of itself even under water, instead of a mixture 
of lime and sand hardening by desiccation and by the action of atmos- 
pheric carbonic acid on the outer surface. When the lime used in a sand 
mortar is hydraulic, it is true that some silicate is ultimately formed, even 
under water ; but there is considerable inconvenience attending this secon- 
dary action, as the conditions which enable the great excess of lime to 
harden are unfavourable to the setting of the silicate, and vice versd, In 
the very strongly hydraulic limes known as ‘intermediate’ (between limes 
and cements), this antagonism becomes dangerous, as the silicates are 
apt to set before the free lime becomes hydrated, and this reversal of the 
usual seqnence of actions causes the disintegration of the set mortar. 
The use of soorkee fortunately renders the Engineer independent of the 
quality of the lime he uses; whether it be fat lime or hydraulic lime the 
effect is the same ; the results may be somewhat superior with the latter, 
but against this advantage there must be considered the plasticity of the 

fat lime and the facility and economy of working with it. On the whole 
I believe that when good and fine work is required, equal strength can be 
obtained with fat lime, provided that care be taken in the preparation of 
the cement. This is especially shown when the superior material about 
to be described is used in the place of common soorkee. 


Experiments with the improved Puzzolana or Limed Soorkee. 


While the addition of what may be termed the natural soorkees (those 
prepared from bricks or burnt clay) to any ordinary lime affords o cement 
greatly superior to sand mortar both in strength and in hydraulic energy, 
yet the setting is slow when compared with that of Roman (natural) or 
Portland (artificial high-burnt) cement, A soorkee cement takes 72 hours 
to acquire the same firmness which Portland cement attains in 15 to 24 
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hours, and it is, therefore, a desideratum to find if soorkee could not be 
improved so as to set more rapidly. The idea which presented itself to 
me, in order to obtain greater hydraulic energy, was the preparation of 
the clay in some manner which would render it still more readily decom- 
posable when mixed with lime. For this preliminary attack, the use of 
a small quantity of lime suggested itself; the addition of such a quantity 
as should disaggregate the clay, and by its action both in the wet way 
and by heat, transform the clay into highly acid silicates, capable of taking 
up their full quantity of lime when hydrated, then becoming neutral 
or basic silicates. | 

‘My experiments on this point are far from complete, as I have yet to 
ascertain the proper amount of lime to effect this action, the heat which 
should be used in burning, and the best way of using the soorkee. As far 
as I have proceeded, I have obtained results which promise success. The 
best results have been given by a soorkee made of the pottery clay and ten 
per cent. of Jime (by weight, quick). Five per cent. give indifferent 
results, twenty per cent. seems somewhat better than ten per cent., but 
the experiments are not complete. The results detailed in the Appendix, 
Series G., promise, I think, ultimate success. It would appear that by the 
use of soorkee made with bricks of common clay mixed with lime, common 
fut lime can be made into a coment possessing greater adhesive strength 
than the best bricks, and when made into concrete, equalling concrete of 
Portland cement in its tensile strength, and in its rapidity of setting under 
water. The best results for adhesive strength were given by one part of 
Hime paste to one of ten per cent. limed soorkee; this does not set very 
quickly, but in 28 days attains a strength of 31:1 ibs. on the square inch 
(1,122 ibs. on a pair of bricks lengthways). With three parts of soorkee 
the setting is much more rapid, the joint attains an adhesive strength of 
2°8 Ibs. per square inch after 24 hours under water, 16:5 ibs. per square inch 
in seven days; after this there is little or no increase. With four parts 
of soorkee the strength fails. The best concrete or mortar is made by 
combining two parts of soorkee with one of lime paste, and then adding an 
equal volume of sand. This mortar, containing 4th of lime, attains in 28 
days (the 27 last under water) a tensile strength of 171 lbs. per square 
inch, and it also answers well for brick work, as it sets nearly as rapidly 
as the ceement without sand, and attains in 28 days under water (immersed 
‘initediatly) an adhesive strength of 16-6 Ibs. per square inch. With three 
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parts of soorkee to one of lime, the concrete made by the addition to the 
cement of its volume of sand, is somewhat superior in tensile strength, 
attaining 158 ths. per square inch after 28 days (the 27 last under water), 

Another sample of this kind of soorkee (unfortunately made in small 
quantity only). gave the best results I have hitherto obtained: one part of 
shell-lime paste with three of the soorkee gave an adhesive strength of 37 
and 34 tbs. per square inch; and one part of fat stone lime with three 
parts, half of ordinary soorkee and half of limed soorkee, gave 35 and 36 ibs. 
per square inch. In three out of the four experiments, the joints did not 
give, the bricks yielded, though they were such hard bricks that a brick- 
layer had great difficulty in chipping them with the trowel. I would, 
however, mention that I cannot, as yet, definitively claim a superiority 
for this limed soorkee over ordinary soorkee, as the latter has sometimes 
given extraordinarily good results ; but taking the experiments all round, 
the best results have been obtained by the use of limed soorkee, and it 
undoubtedly possesses greater hydraulic energy. 


Experiments with Country-made Cements other than Soorkee Cements. 


Besides the coment made by combination of puzzolana or soorkee with 
lime, there are others which may be divided into the following type:— 
(a). Roman or Boulogne cement, from naturally argillaceous lime- 
stones burnt at a low temperature. 
(2). American cement, from naturally argillaceous magnesian lime- 
stones burnt at a low temperature, 
(c). Portland cement, from artificial argillaceous limestones burnt at 
the highest temperature. 
(d). Lime and clay cement (twice kilned) burnt at a low temperature. 
The first of these may possibly be made in India, as it would seem that 
in Bengal (Soane district) suitable marly limestones are found ; a drawback 
to their use is the necessity of the composition being constant, and the 
structure homogeneous ; this would especially be felt in India where skilled 
superintendence is not always available. Limestones requiring frequent 
analysis to enable their composition to be rectified are sia suitable f for 
the Indian manufacturer. 
The second kind does not seem to be common in India: it could be ati: 
ficially produced by the aid of the deposits of magnesite found both in 
Southern India and.in Bengal ; itis possible that an artificial composition 
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of magnesite lime and clay would yield good results when barnt; this, 
however, comes under the head of the fourth method. 

‘The third method is ill-adapted to India. The so-called Portland 
cement is a cement made (with a slight variation from Vicat’s original 
process) from clay and chalk very intimately mixed and burnt at such a high 
temperature, that the proportion of clay can be reduced to a very low point. 
The excess of lime is forced into combination with the clay forming very 
basic silicates. Its production requires clay and chalk at a nominal coat, | 
good coking coal at a low price, skilled labour and facilities for emplay- 
ment of machinery. The failure of one of these conditions renders the 
manufacture costly, perhaps a losing speculation. Now in India there is 
no chalk, coal is either dear or inferior, the use of machinery expensive, 
skilled labour often precarious. The first of these objections is fatal to 
any competition with the cement imported from Europe. The hard lime- 
stones of India could not possibly be pulverized to the degree of fineness 
requisite for the perfect combination of the materials without an expendi- 
ture which would put all competitors out of the question. 

The fourth method is the most promising. It is Vicat’s first process, 
and is well adapted for countries where the limestone is too hard to be 
reduced to sufficiently fine powder for the manufacture of cement by his 
second process. It was recognized by Sir Charles Pasley as good, and 
Indian experience has confirmed the value of this twice-kilned lime cement. 
From the Roorkee Civil Engineering College Treatise, it appears that 
this cement was used successfully on the Madras Eastern Coast Canal, 
and also at Singapore. The increased cost from the use of lime instead 
of limestone in this process would be compensated by the economy in 
grinding, and the lesser heat required. The chalk and clay (Portland) 
cement requires a white heat, and its clinker is very hard and expensive 
to grind, while the lime and clay cement is burnt at a low red heat, and 
the kilned cement is as readily ground as chalk. The facility of prepar- 
ation from materials to be obtained nearly everywhere, the low temper- 
ature in burning, the ease with which the burnt cement can be ground 
are strong recommendations, and it only remains to be seen whether this 
could not for most purposes supersede imported cement. 

‘The proportions recommended by various experimenters vary consider- 
ably, and are somewhat confused by the variable specific gravity of lime, 
quick or.glaked, and of clay, wet or dry. : 
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The following are some of the proportions ‘hitherto used— 
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One advantage of this cement is, that the proportion of lime can be 
diminished, so that any degree of energy can be given to it. In Gilmore’s 
treatise, it is stated that the 10 per cent. of clay (added to 100 parts of 
lime) will confer moderately hydraulic energy, while it will never be ne- 
cessary to exceed 54 per cent. to produce a very active cement. This 
last proportion ‘54 by weight of clay to 1 of lime, corresponds with the 
quantity indicated by Vicat’s proportions by measure, and is probably not 
far from the exact number. Sir Charles Pasley’s cement seems to have 
been over-clayed. In the above Table I have calculated weight from 
measure and vice versd on the assumption that the specific gravity in bulk 
of quick lime was °85, of slaked lime ‘55, of wet clay 1°45. 

In my experiment detailed in the Appendix, Series H., I obtained very 
good results, an adhesive strength of 21 tbs. per square inch on dry 
joints (after 28 days), and 25 ths. on joints immersed after three days; 
but only 12°5 tbs. when the joints were immersed at once, An experi- 
ment at Roorkee with Sir Charles Pasley’s proportions, gave a cement 
‘showing an adhesive strength of 10 bs. per square inch after 14 ‘days 
under water. The cement would appear to be not so suitable for work 
requiring immediate immersion as the more plastic cements of lime and 
soorkee; but the use of a light-clayed composition used with soorkee 
would perhaps answer better. I shall resume experiments on this compo-+ 
sition. _5 “oS 

_ If to the lime and clay a suitable proportion of magnesia (burnt mag- 
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nesite) were added, it is probable that the cement would show some of the 
properties of the American natural cements, so > well known for their power 
of resisting the action of sea-water.- 


Comparative experiments with the above detailed compositions and with 
Imported Cement. 


In order to obtain a standard of comparison for the foregoing experi- 
ments, I made a series of trials with Portland cement. When the barrel 
was opened, the cement came up to the Board of Works standard, and 
when diluted with sand, the results were rather better than those recorded 
hy Mr. Grant in his trials with a cement of higher quality ; the breaking 
weights in tbs. per square inch, are given in the following Table :— 
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MR. GRANT'S EXPERIMENTS, SeRIgEs I. 
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The adhesive strength of Portland cement is affected by dilution with 
sand even more than the tensile strength; the contrary is the case when 
it ie diluted with soorkee, the tensile strength becoming greatly affected, 
while the adhesive strength comparatively little impaired, and the hydran- 
lic energy even increased. There is, however, no reason for diluting 
Portland cement where adhesive strength is required; any apparent 
economy is counterbalanced by the increased thickness of joint required, 
and the strength descends to level of that of a common soorkee and lime 
cement. Asa rule, the use of Portland cement in brickwork is a waste 
of money. The value of Portland cement is in its great hardness and its 
tensile strength, and to obtain these, the cement must be used neat. Where 
great hydraulic energy and plasticity are required, the admixture of an 
equal proportion of soorkee will be found useful; it doubles the adhe- 
sive strength in the first 24 hours when the cement is used under water 
for masonry or for stopping springs. 
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In the case of Marine works, it would appear prudent to use Portland 
cement whenever the cost is not excessive, until soorkee cements are 
cleared from the charge (though a disputed one) of being attacked by sea- 
water. But the superiority of the limed soorkee appears to be so great, 
that there is a strong probability of its being able to resist the action of 
sea-water like the natural puzzolana of Italy. If such should be the 
case, the nse of cement made with it would effect an enormous saving in 
construction of Indian harbour works. It will be seen that the strength 
of this cement increases by the addition of a moderate proportion (one 
or even two parts) of sand, and by immersion, so that a mortar for con- 
erete (béton) making may be obtained with it equal to that of Portland 
cement and sand, as regards hydraulic energy and strength, and at a small 
fraction of the cost. The following is a rough estimate of the cost of 
100 cubic feet of sand mortar, and of concrete made with these different 
materials, the proportions being taken from actual experiments. 


Common soorkee cement with one part of sand. 


Tensile strength, 172 lbs. per square inch. 
18 Cubic feet quicklime, at 3§ annas, a - sa - $15 O 
65 CO, common soorkee, at 14 annas, es os . 6&6 2 6 
60 4» sand, at 4 anna, Be ea ‘a a -- O12 O 





Cost of 100 cubic feet, .. 918 6 





Cost of 100 cubic feet of moulded or rammed concrete. 











&0 Cubic feet of the above mortar, os as oe »» 414 9 
100~—Ct—=«,; of stozie or ballast, .. oe ee oe ~ 8&8 20 
& 0 9 
Limed soorkee cement with one part of sand. 
Tensile strength, 171 lbs. per square inch, 
25 Cubic feet quicklime, at 34 annas, ne Me ‘ - & 7 6 
60 - limed soorkee, at 2} annas, és we 7 0 6 
 €0 3 sand, at 4 anna, ee oe ae os » O12 O 
13 4 0 
Cost of 100 cnbic feet of moulded or rammed concrete. 
50 Cubic feet of the above mortar, oe oe os o 610 0 
100 ” of stone or ballast, es oe es on » & 3 0 
| 912 0 
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Portland cement with one part of sand. 
. BS. A. P. 
Tensile strength, 143 lbs, per square inch. 
66 Cubic feet cement, at Rs. 14 per cask of 5 cubic feet, .. »» 184 12 0 


66 wD of sand, at § anna, ee ee ee e@ es 0 18 0 
186 9 0 





Cost of 100 cubic feet of moulded or rammed concrete, 
50 Cubie feet of the above mortar, .. ee oe ee oe 92:12 6 
100 Nn of stone or ballast, ee oe ee $8 ee 3 2 0 


95 14 6 
The cost of Portland cement I have taken at the Bombay market price 
of three months ago. The above estimate is of course rough, but it 
shows that the cost of the materials of moulded concrete blocks would, in 
the case of Portland cement, be about ten times greater than when lime 
and artificial puzzolana are employed. 


E. N. 


Note by the Lieut.-Col. Mullens, R.E., Chief Engineer for Irrigation. 


Fort St. George, 8th January, 1874. 

Surgeon Nicholson’s report, contains much matter of interest on the 
subject of cements, and the record of the experiments made will be of 
considerable use to all those members of the department who are capable 
of applying the results obtained, from the use of the materials upon which 
Surgeon Nicholson has experimented, to the probably different materials 
which may be available for use in the several districts and ranges of the 
Presidency. What is chiefly required is definite information as to the 
best means of employing particular limes on the principal descriptions of 
constructive work on which the Public Works Department is engaged. 
For instance, the inforraation regarding the use of burnt clay or soorkee 
with shell-lime is very valuable, and in Madras and other localities in 
which this description is alone, or most generally, employed, it is advisable 
that no time should be lost in introducing a mixture of burnt clay with 
the lime, which will then be much improved both as regards strength and 
hardness. Surgeon Nicholson’s remarks regarding the non-setting of fat 
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limes and sand, and their want of hardness below the surface are confirm- 
ed by daily experience. 
What the Public Works Department requires is— 
1st.—A cement which will set with reasonable rapidity either under 
water or in very wet positions, and possess fair adhesive 
strength. 
2ndly.— A cement which will be strong and hard in superstructures, 
For foundations for hydraulic works generally, bridges across rivers, 
&c., an hydraulic cement is really essential, Where springs are not very 
troublesome, a very quick setting cement is not generally needed, because 
the water-level can be kept down by baling for two or three days without 
difficulty, but where the work has to be executed under water, or where 
springs are abundant, rapidity of setting is necessary to prevent the cement 
remaining soft or being washed out. I have myself made cement which 
set perfectly under water. At the Nellore Anicut works in 1857-58, con- 
crete foundations were laid in the water, and in that particular instance 
the cement was made of 14 parts burnt clay and 1 fart slaked lime, re- 
daced to powder, made into balls, and re-burnt. After 48 hours immer- 
sion the concrete was found to be very hard. The clay used was of a dark 
blue, very compact, greasy, description. No experiments were made on 
its tensile and adhesive strength, In Tanjore, in 1862-63, similar pro- 
portions were found to answer very well with the lime and clay obtainable 
at the Lower Coleroon Anicut. Lately, at Dowlaishweram, the same 
proportions have given excellent results, with however air drying for two 
days before immersion of the brickets and concrete blocks. Some brickets 
of the 2} square inch cross section at the neck, which had been thus treat- 
ed, were taken out of the water and tested, the breaking weight being 
about 875 fbs., and considering that tho materials had been very imper~ 
fectly ground, the tensile strength exhibited may be considered very good. 
Here the burnt clay and slaked lime were mixed without subsequent re- 
burning. Further experiments are in progress to ascertain the effect of 
reburning, as also that of mixing raw clay with slaked lime and burning 
the mixture. Concrete blocks made with cement of 1 lime, 14, and 2, olay, 
respectively, give excellent results as regards strength and hardness, and 
it was found very difficult to break them up with a heavy hand-hammer, 
What District and Range Officers now need to be told is the best 
way to make the most cf the several descriptions of lime available with 
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reference to the dry or wet sitnations in which the cements and mortars 
are to be employed. It may be found also that some of the limes, of 
which samples have been forwarded, are not adapted to any constructive 
work, and are not capable of being improved sufficiently by any admixture 
to render them trustworthy ; and, if so, it will be well to discontinue their 
-use altogether. In the Coimbatore District, on the Ambravatty Anieuts, 
I noticed that fat limes had been used, and that the mortar had never set 
properly, but had dissolved out from the masonry to a very great extent, | 
and the remedy is undoubtedly to be found in the mixture of proper pro- 
portions of burnt clay or soorkee with the lime for the future. Again, on 
the Madras Irrigation and Canal Company's Canal, much of the leakage 
through culverts and aqueducts is due to the use of fat limes without the 
necessary mixture of clay. Another notable example of the advantage of 
mixtures of chunam with other matcrials may be observed in the case of 
chunam floors. It is a common practice to alternate black and white 
squares, and the former generally wear much better than the latter, owing 
to the fact that the surface in the white squares is pure chunam, and, in 
the black, a mixture of lamp black or burnt cocoanut shells with chunam. 
For plastering near the coast, great advantage will be derived from the 
mixture of clay and lime to form the cement, and as a matter of appear- 
ance too the grays resulting from the mixture, which may be varied by the 
addition of a little red or yellow ochre will be an improvement on the 
glaring white of new plaster of tho ordinary kind, and on the dirty look 
of the surface efter a few months’ exposure. 
J. M. 
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APPENDIX. 
— at 
3 AGE. "en F Be iF 
DD Saat - e 
7 wae ‘ Brick- a S =r 3 
fe Composition lime ane : te S | mad x 
No. ‘S| Measured in paste, seine e i : s 2 Bp Ey @ ees 28 
é BLA bm o> 1S |g 
% Ag |AraL E B5 23 Ed 
Sexes A.—Mortars of shell-lime and sand. 
48} 2! 1 lime, 13 sand ee Joint 28 es oe 28 83 46 ee 
1 i" ao {[2.ieg,| 28} 49| 27) .. 
1 Bricket 28 os ee 28 22 oe 10 
49) 3} 1 lime, 23 sand, eo: | Joint 28 foe | oe | 28 57 | SB1 | ee 
] a 43 21 leg, | 28! 20) 1 | .. 
j Bricket 8 ee ee 28 18 ee 82 
&2 2 1 lime, 8 sand, e6 os Joint 28 ee on 28 42 28 oe 
2 ie 28 21 7 | 56 82 41) .. 
1 Bricket 28 ee ee 28 i] oe 5 
538 2 ] lime, 4} sand, ee @e Joint 28 oe os 28 15 8 e@ 
1 99 5 ee oa 5 yf 41 os 
1 Bricket 28 oe | ee 28 10 ee 4 


rere | wee 





etal 








uaenmeesien | eee | owcreeare | “scemmere | cores | ObeEEeree | coe 


115) 5)1 lime, 8 sand, .. e»| Joint 28 | oe | oe | 28 50 2B | ee 





8i(In this and the following| _,, 56 | .. | 2. | 56 47 | 26 | eo 
1|_ the lime paste was made os | 21) 7 | 28 25 14 i os 
1; from slaked lime, un- 1 {| 21; 6 | 28 80 | 16 | oe 
1| sifted). 2 (21! 5/28] 10] ‘bl.. 
1 4 21 8 28 ee ee ee 
3 7 21 es 28 ee ee a@ 
3 28 28 ae 56 °b oe 
24 6'1 lime, 8 sand, No. 85, oe Joint 28 ee ee 28 48 26 oe 
1\(Sand sifted through No. a 7 } 14]... | 21 13 T | se 


2} 85 sieve). se ; 
8 Bricket 28 es ee 28 18 ee 8:2 











1 5 7 114/ 7/28] 293] .. {10 
125] 8/1 lime, 8 sand, No. 45,..| Joint | 28 | ../.. 128] 871 2 |e 
1 ‘ 7 {141 .. | 2 8| 4 | oe 
1 is 7 | 14) 7 { 28 57 Bl | oe 
2\(Kept in a box), ee} Brickef | 28 | .. | .. | 28 14 | oe 6:2 
2 yy 28 ee ae 28 26 ee 114 
126) 3)1 lime, 8 sand, No. 60,.., Joint | 28 (.. | .. , 28 54); 8 oe 
1 7 114[../28] Wi} 6]. 
id 1 | 20|.. | 21 8{ 4]... 


] 
| 2 ” 7 4 
3 Bricket | 28 | 4. | o. | 28 25 | e«. {11 
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APPENDIX.—( Continued), 

ay at A 
AGE, 4 of te Ie 
Brick 25 2 5, aie 
Composition lime oer tal gi : 3 § | eedisg 
measured in paste. | riekets| pz /od| pal #| PP [ESB les 

a @ a's aria {( Be igs a 
Aa | 5/95) 2 | 2B |s8 g3 

Seems A.—Mortars of shell-lime and sand—(Continued). 

127; 8,The same left 24 hours,, Joint 28 oe [ oe | 28 BS 8 ee 
1} then beaten up, ea - 7 | 144 .- | 21 17 9 | ee 
1 +5 1 |20}..] 21] 18 eae 
2 i 7 1141 7128] 49 27 ie 


{i 


exncctnenp | mencsace 





2 - 18 {10!..128| 12] . | 6B 
2 1 


s 

just 
fe 2) 
-— 
oOo 
pt 
sy 
rs 
th 
i] 
a] 
e 

e 

a 





Szeres B.— Mortars of stone-lime (Bangalore) and sand. 




















47 1'Lime, net, oe Joint 28 oe eo | 28 119 66 | ee 
149] 8 . 198] ..1298] a7] rae].. 
78| 2] 1lime,lsand, ..| Joint | 28 | ..).. | 28] 109] 6 | ee 
1 ” oe 21 | 7 | 28} 125 69 | os 

2 ” 28 j; 21 | 7) 56] 190} 10°56 | .- 

2 ‘ Brieket 28 oe oe 28 117 oe 51 


Rotios | cme} pekeRERREE 








80; 2; 1 lime, 2 sand, e» | Joint 28 | «2 | o» | 28} 15 G4 | oe 

2 9 28 |} 21] 71656) #256) 142]|.. 

1 Bricket 28 es ee 28 55 es 24 

81; 4) 1 lime, 8 sand, e+ | Joint 28 | .. | ef | 28) 161 89 | oe 
2; (1 fine sand mixed first ; 

then 2 coarse sand), | Bricket| 28 os | oe | 28 47] «oe |{ 22 

* 80 | 32} 9] 71} 142° .. | 62 


(easveewem | wate GREED | come | Se | omen | Geese | eee | eC 


148 a 1 lime, 1 sand, No. 60, | Joint 28 | «6 | oe | 2834 Ll Cl | os 
8 . e+ | 28] .. | 28 16 DO | oe 
8 ‘ 56 | we | oe | 56 96 | ce | oe 
2 ss 28 | 28 | «. | 56 SO} oe | ee 
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APPENDIX,—(Continued,). 

s a A 

2 AGE. me cE € E 

= Rrick ea é a é “ 

No. Composition lime focea Ge : 1 ¢ os |e r o 
es measured in paste. rickota. ps 2 3 co bo; bp a a g @ 8. s g 

e a ar a 
z Aa (95/95) 3 | 85 je2 [Bs 





Senies B.—Mortars of stone-lime (Bangalore) and sand-—(Continned). 


[41,; 3] 1 lime, 2 sand, No. 60, | Joint 28 f .. | .. | 284 124, G9] «. 
8 ” 7 | 21] .. | 28 92/ 6B1)].. 
1 Bricket | 28 | .. | e« | 28 40; 2 | 17 
3 (in damp box). _ 28 | .. | »- | 2B] op os fies 
1 ” 7 | 21]... | 28 25; «- | Ik 








Segres C.—Mortars of shell-lime and sand with the addition of sugar, §c. 


§0| 41 lime, 2} sand, made with! 
water containing 5 per 
cent, of sugar, e+} Joint 
Bricket 


28 e@ ee se 102 
28 os | oe | 28 25 

















‘eee ey 





nesses | ene | cee 








123 3/1 lime, 3 sand, «-| Joint 28 | oe | we | 28 53 
3|5 per cent, jaggery in ; 
water, .. ve »-| Bricket} 28 | .. | .. | 28 87 


wammmnicnins: | caine, | Cmmmemesnes, | amemaenmaeh | amc 





129; 3'1 lime, 2 sand, No 60, ..} Joint 42 14. | oe | 42 67 | 37 
35 per cent, jageery in 
water, se ee ry) 18 24 es 42 12 6 








- 8, 1 lime, 2} sand, .. ..| Joint 28 | oe | oe | 28 64] 3 a 
1; B- per cent. silicate of 
soda in water,.. es 99 oe | 21] 7} 28 25 14] .. 
1 Bricket | 28 | .. | »» | 28 16 | ve 
54 8/1 lime, 2} sand, ee oe Joint 28 ee ee 28 82 1:8 oe 
15 per cent. alum cake 
in water, ee ee ; oe 21 | 7 | 28 én oe m 


























7 9 a 
8 Bricket | 28 | «+ | o» | 28 30; .. | 18 
SERIES D.—Mortars of shell-lime and soorkee. 

94, 3,1 lime, 13 8. M. soorkee,; Joint 28 | oe } oe | 28] 181 10 | .,. 
2 . “a 21/1 7/28} 8701 205] .. 

8 Bricket 1 {21/1 6] 28: 186 oe .| 62 

95] 1) lime, 2 §. M. soorkee, | Jvint 28 | «se | oe | 2B} 166 86 | o. 
8}. 21 7} 28 200} Il] ].. 


1 
i Bricket} 28]..1.. 128] 217/} .. | 99 
3 1/21| 6] 28] 200; .. 192 


PEATE 
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#.\me |S 
AGE. eI a ne | a 
Composition lime aioe: e 3 $ § | % ae 3 3 
measured in paste. rickets.| 3 ja S/|meb) | s 7 12s sale te 
SS | SS Ss 4 | es pat [ae 
Ag [atian $1] $é 22 os 
ond s a foxes] a ea 
Serins D.—ortars of sheli-time and soorkee—(Continned). 
96 ait lime, 3 S. M. soorkee, | Joint 238 | .. |. | 28| 189) 77) ,. 
8 a os 21 7 | 28 506 | 17 ee 
1 Bricket 28 | .. |. | 28! 150 a 66 
3 . 1)/21} 6/28) a72) .. | a7 
q ‘ij 1 | 21 | 44 | G6 417 ee {185 
"58. “iy lime, 3S, M. soorkec, | Joint 28 | oe | oe | 28} 125 af ae ee 
9 mr 1! 2) 6 | 28 485 ay ie eee 
} Bricket 1; 21/1 G61] 28{ 210 as 95 
97| 3/1 lime, 4S. M, soorkee, | Joint 28 | .. | o» | 28}; 102] 56! ., 
8 es ae 21 7 | 28 18l ; 10 wi 
3 Bricket 1/21 |} 6); 28; 256) 142) ,.. 
102! 3:1 lime, 6 8. M. soorkee, | Jvint 28 41 aac ae 2B IG G4]. 
8 - Ba 2 7 | 28 161 9 as 
1 Bricket 28) -. | « | 28) 2431 .. 1110 
3 1} 2 G | 28 212 eo 90 
tewonereaiy | earrome | smemertantaemeanatte Loeenmeenenedl Unease eromcomm, | wemeneeramen | crmmmnmeenes |  pemememeedl eee) 
104; 3:1 lime, 7S. M. soorkee, | Joint 28) ea. foe 128 80; 441 .,. 
8 i ar zi 7 | 28 89 5 aca 
2 Bricket 28 @¢ ae 28 136 oe 62 
8 i 1 | 21 6 | 28 126 a 57 
110} 3\1 lime, 10 S. M. soorkee, | Joint 28 | o. | «- | 28 63 | 35 |.. 
3 » - | 21) 7) 28, 7% 44). 
1 Bricket 28 | ee | ee 28 115 ia 52 
3 ‘3 1; 21 G | 28 110 os 50 
98} 1/1 lime, 2 C. B. soorkee, | Joint 28 |. | oe | 28}; 193] 107] 2 
3 . eo | 21) 7 | 28) 8241] 18 oe 
1 Bricket 28 jae fae, | 28 312 oe «(142 
3 1) 21} Gj] 28; 219) .. {100 
182; 4:1 lime, 3 C. B. soorkee, | Joint 28] .. | «. | 28) 812) 173] .. 
4 9” ee | 21) 7] 28} 2901 161] .. 
8 Bricket 1; 24; 381] 28 172 oe 78 
3 m 1; 27|../28; 347] .. 1188 
103| 2)1 lime, 4C. B. soorkeo, | Joint 28/..{../28| 117] o@d&l.. 
3 5 : ” es 21 7 28 89 B : se 
3 Bricket 1} 21) 6{ 28) 178] .. 179 
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APPENDIZ.—( Continued). 

7 a 
a o [td 
j a oo | Pa | Bs 
nec zo 1 2 Sal 2s 
“| Composition lime , Brick 3 o |fedies 
Neo. | ; oints or : s bo 2.9ing 
% spesensss in paste. vick ota, e. 4 e. 2) gs 2 5 ] - 24 2 3 
S Ag jar A Bl 2| 2a 3 Bia 3 
= f a) a ft sad 











Series D.— Mortars of shell-lime and soorkee—(Continned), 


106] 3/1 lime,6 C. B. soorkee, { Joint 28 | ‘s | 28 4 &3 te 




















3 Bricket |} 28{..]..1281 168! .. | 74 
8 — 1/21} 6128!] 1201 .. | 54 
107, 3'1 lime, 9 C. B. soorkee, | Joint | 28/../..{28] 40] a4], 
2 Z . {211 71281 wal 3 it... 
3 Bricket |} 28/..1..128| 90] .. | 41 
3 a 1/21! 61281 73] .. | 33 
99 lil lime, 2 shatty soorkee, Joint 28 ae an 28 158 88 ee 
3 ss .. |21/ 7128] 294] 166]... 
2 Bricket | 1| 21 | 6 | 28 ! 288] ., jist 





Senres E.— Mortars of stone-lime (Bangalore) and soorkee, 


184: 3,1 lime, 1 §. M. soorkee, { Joint 2B wenye 


3 - » | 21| 7128] 203) 162] 2. 
1 ” ee 28 ee 28 803 168 oe 
8 Bricket 28 | .. | oe | 28 | 275) ,. 1125 
3 1/21] 6] 28] 219] 32 |.99 
1 ” 1 27 ee 28 252 ee 114 








185] 3/1 lime, 14 8S. M. soorkce,| Joint 28 | «2 | 
3 9 eo 21 
, ” oe 
9 Bricket 28] .. 
3 5 1 | 21 











PEED 


196| 3/1 lime, 2S.M. soorkee,| Joint | 28|../.. | 28] 351] 1951 .. 











3 : .- {211 7128] B08] 168 | 2. 
1 ” ee 28 oe 28 186 10°3 ee 
2 Bricket | 28] .. | .. | 28) 289] .. {182 
8 ” 1 21 6 28 2] 6 ee 98 
] ” 5 | 27 ee 28 240 o* 109 
187, 3|1 lime, 88. M. soorkee, , Joint 28 , .. | « + 28.) 351; 198] .. 
$ ” oe 21 7 28 264 14°6 ee 
1 : » | 28}..1 981 214] le] :. 
2 Bricket| 28) .. | « | 28 | 888] .. |161 
al ss 1/21! 6/28 f 175] 3: | 76 
} : 1/27/.. 1/298! ga7| .. {148 
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lal g. |G | £3 
‘ : * ‘> 2 =| « 
ie Brick- eu (85 :| xu 
gil. Composition lime s |gea!] S 
Noh} measured in paste, |i@imtsor/ | 5 |. ¢| . S ee !eydl o = 
é brickets bd Pag ae ie | oe S$ =| 2 
| Ag |AFIAR 3 35 |23 | 3 g 








SrRizs E.— Mortars of stone-lime ( Bangalore) and soorkee—(Continued). 


188] 3/1 lime, 4S.M. soorkee, | Joint 28 seta 28; 218{ 118]... 
oi 3 7| 28; 180; 10 oe 








2 Bricket | “28 |..|../28| 809] .. {140 
3| 3 a 1} 27|..|28} 292] .. {101 
189] 211 lime, 5S. M. soorkee, | Joint 98|..|..|28| 277) 154].. 
33 ; ‘ {21} 7128} 198] Te] .. 
2 Bricket 28} .. | « | 28} 265; .. {120 


3 i 1/27{/../28| 208} .. | 93 


cormmeeter | eneite | 








140 ai Time, 7 8. B, sorkeo, Joint 28 | .. | «+ | 28 90/ 5 |.. 


3 Bricket | 28!..]..128| 188] .. | 88 
3 7 1/97|../28| 10} .. | 68 





SERIES F.—Concretes of soorkee mortar and sand, 


Bricket 28 
” 1 


28 
28 


240; .- |109 
281 | .. |127 


112; 21 agg Ese . M, soorkee, 
sand, 
21 6 























SAEED, f emremy | Caylee 








eT onmmeananem \ messes | crete Shan GenOST | pecans | ARRAN 


118 = Joint | 28]..]..)} 28] 83] 2 |.. 
red lime, 




















8 Bricket 28 | .. | «- | 28} 158) .. | 72 

13 ei 2/21) 5/28) 274] .. {124 

114 4 ihell- (5 5. M & S. M. soorkee,| Bricket | 28 | .. 28/ 96/ .. | 43 
guts 5 sand, 

‘s 6/19} 8} 28] 202] .. {91 

69} 11-Kolar ¢2§.M. soorkee,| Joint 28 | .. 28} 190] 105 | .. 


lime, (1 sand, 








a . | at 28 | 847] 192] .« 


menmmmienai@ {| amen ven | Gas | SEER | oomeacih 


‘}! Bangalore =" 1 | 27]... { 28 2450 ) li 


7 














d 
| (as used in building fo 
_ {concrete mortar), 
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Aan. or a #3 

: Brick- Bs le Fal es 

; ' Composition lime ‘oints } 6 j2 a & 4 

ae measured in paste. Saroapied oe i234 E 
S | > * $4 4 @ 

a a8 os 

mR lq aadend 





SeRies G.—Mortars of shell-line and limed soorkee, 

















146] 3/1 lime, 8 soorkee (same; Joint 28 


144} 3:1 lime soorkee, «-] Joint 28 | .6 | «« | 288} 262] 146) .. 
1i(Soorkees made with blue} _,, oe 1}. { i 83; 1:8 | os 
1) clay and 10 per cent. ” ee 8|..] 8} 144; 8 |... 
1 of shell-lime), 99 ee 7 ee 7 282 15°6 ee 
& 9» oe 28 ee 28 561 38] ‘} e é 
18 ss 1} 21); .. | 28] 873 | 207] .. 
3| Bricket} 1 | 27|..|28| 229|/ .. | 104 
&,Concrete made with 1 Joint 28 | .. | - | 28 | 262] 1451 .. 
1] of the mortar, 1 of ee 1 | 27; ..{28} 240} 183] .. 
sand, e6@ @@ e@ Bricket 28 #6 ee 28 264 Ce 120 
; 1 | 27}... | 28} 286); .. 180 
145} 3/1 lime, 2 soorkee (same] Joint 28 | 2 | oe | 28] 250} 139] .. 
1} asthe preceding), .. - oe Lies} 1 64} 35] .. 
1 a * 8]. | 8; 142 791 o. 
| e rv 7i «| T{ 291] 162] .. 
” ee 28 ee 28 801 167 ee 
8 . 27 |.. {28 ; 868} 204] .. 
3 Bricket 1 {| 271 .. | 28; 262) .. 119 
8Concrete made with 1 -. | 28 | 8001 166] .. 
-» | 28; 846) 1. | 15ST 
8} sand, % 27 |... | 28) S77} .. 171 
a ed —_————| ccxcemerrene | emctmatee | seen | IRENE ernie f snvnaminty 
oo f oe | 28] 826 { 181 
i] as the 2 preceding), ee 7 oe 1 ee 1 60 2°83 | ee 
1 a ae 8{.-} 8} 210; 1161].. 
4 : 99 es 7 oe 7 297 165 es 
+ ” «> | 28] .. | 28] 296 | 164] .. 






dal _ | Bricket | 1 
4 SiGoncrete made with 1 ‘s * 


_{ Bi . of mortar, 1 of sand, ‘ 158 














Tj ..j 1 60 | 28 
Bi ..| 8] 188) 76 


1} as the 8 preceding). ” ee 











1 ry rr) 9 oe 9 190 | 105 ee 
ae » | o | 28) +] 28] 210] 116{.. 
y . 1 ee ] 84 19 ee 


150] 111 lime, 8 | {soor-| Joint os 

7 8| kee made with blue clay ” oe 
8} and 5 per cent. of shell- ‘s 

1 8) lime). — | Bricket)} 1 

8\Concrete made with I te 28 


28 jo» | 28; 211; 11-7 

27) .. | 28} 247) 187. 
| 27], | 28) 178) we 
J] ee os. 25° 244 . oe 


Joint 28 ee 
2; of the mortar, 1 a Bricket | 28 | .. 
1 


o7|)..|28| 2968] .. | 122 
. {v6 | 28| 269] .. | 199 


116 
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APPENDIX—(Continisd). — 
aan yarn senate mennetaaaemeaana meneame ren meena rae eens nine eee is a 
Ae | | Aar. Se. Ey 24 
ie Prick SEEEBLE 
fel - Composition = lhl ge e we? (SPH ES 
Nol] mocoured in peste, foimteer| [sales | FB | Eeaiee 
jg : eelabl S| gs gy .je& 
a ar sela (ss jez 
Series H.—Lime and clay cement (twice kilned ). 
43 oo shell-lime and fine| Joint 28 - | ea - a. <a 
clay (dry) equal alae oe 18 ee 
2} by weight, ~ : 3 |19| 6) 28! 500] o75| °. 
“9h a Slaked shell-lime and fine] Joint 28 oo | oe | 2B 1 84 — ae 
1} . clay (ary) ae parts “ 21 7} 28 } 188 ee “a 
2| by weight. 1 slaked “ 1 | 21 | 6 | 28 } 106 ae as 
lime, 2 clay, «+ , .| 
Serres L—Portland cement. 
3 Cement, neat, oe oe Joint ee 1 ee 1 59 33 ee 
1 i a 6} 1| 7) 501 og* 
2 3 . 22 |} 6 | 28 1 505 as 
7 Bricket ] Gil a 7 | 899 oe 181 
8 ‘s 1 | 271.2 | 28 | 488 a 219 
6 “ 1 | 21} 6} 28 | 502 ee 228 
8 i: 1 | 21] 6 | 28 )"%71 oe | 214 
3 n l 72 | «e | 80 | 666 ee $02 
14 3 1 cement, ] sand, eo} Joint 8 oe 8} 8 | 278 154; .. 
187 2 +) ) : +o 1 i) 1 51 2°8 ae 
2 *» ee S$! .. 8; 198 | IL ee 
2 2 3 oe are 7 | 306 | 17 ee 
13 ee 1 {21 ; 6 | 28} 815 oe | 143 
8 me 1 79 | «- | 80 | 583 oe | 265 
basa | era | yrmuaneenanyierity eee E EN GIERRAOT cemneneee | enmaseett | emesstaee | eommamnuw | qenonnenmatiens | iiecermmegeem | eunenentih 
1)1 cement, 13 sand, est Joint 28 oo | os | 28 | 265 14°7 |. 
Li és 4; 6 4; 7 | 154 8B ft oe 
1 ‘“ 4} 21 | 6)} 28 | 885 214 | on 
2) Bricket 1 |} 21] 6 | 28) 272 ee 123 
amneeen | epee aaptkermipedan cpa mene enmemmemnbeneninaat SEEANEEESS | ener |e | ene | GmeeETe | mgumeepruR | geneity 
1/1 cement, 2 sand ‘eof Joint 28 es | oe | 28 | 160 838i. 
fal rene . ve [BL] 7 | 28) 180 [30 |. 
} ate - ie 28 | «6 | 281 147 Sli ws 
} : a Bricket 28 ee ee 28 248 ae 110 
1 a 1 | 27 | .. | 28 Zl 





- * Brick broke off onteide the joint. 
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APPENDIX,—( Continued). 
oy . aa 
7 Aca. es EE beg 
: . Brick- | FS ff4 fs 
Composition lime ; “| & te lox Sl 
measured in paste, {joins or eg (pSlee| F | of | ges Er 
eo FSi a | 38 aa 12 
| AF [Reg ag ela" az |23 
, < =~ 


SeRizes L—Poertland Coment—(Continued). 


46] 2|1 cement, 3 sand, «| Joint 1 { 21) 6) 28) 290 | 161 ]| .- 











46; 1|1 cement, 5 sand, --| Joint 28 |.» | .- | 28 | 148 82 | oe 
1 1 | 21 ; 28 | 214 | 119 o 





9 Bricket | 1 | 21 28 | 81 | os 
158]../1 cement, 1 8. M. scor- soor-| Joint oe 1]. 1 | 100 55 | oe 
kee, @6 ee es ” ee 3 mn) 8 264 146 e@ 


39 ee 7 oa 7 872 20°6 ee 
Bricket l 21 6 | 28 | 246 oe 112 
"9 1 | 79}; .. | 80 | 426 -» | 198 


Ey Ge | cree | REE § emeentemne | eemmnemoUns | enemsmeem | <nmemsenmnpess | CUUMANRTNRNNRY | ETE 





44! 1/1 cement, 13 S. M. soor- 
kee, .. me -.| Joint 1 |} 21] 6 | 28) 611 B39 | ee 


enemas | anemmepees | aeenmem | eecummed | eeitnesnsh | semeECRDENEtED | emebneneD 





1/1 cement, 2 §. M. s0or- soor-| Joint 28 | .. | o- | 28 | 255 | 14L | a 

2 kee, ee ee ae ” oe 21 7 28 403 22°4 ee 
: .. | 28] .. | 28| 276 | 138] .. 
” 1 27 | oo. | 28 | 194 oe 88 











SERIES E.—( Concluded), 
‘Mortars of Bangalore stone-lime and country brick soorkee both unsifted, taken 
From the trough in which they were being mixed, by hand, for 
brickwork and concrete. 


182) 3 1 lime, quick, entire, 
8 soork ee oe 28 ' §2 2°9 se 








2, ae -»| Joint 28 
8 ‘ ] 27 ee 28 113 6'2 26 
1.8 Bricket 1 ,271../28!| B74) .. | 124 
158} 8/1 lime, slaked and beaten ee as | 
free of kuppy 2 months 






before, 8 soorkee, .,| Bricket| 1 | 274..)28] 2691 «. 4 122 


Ditto, kept 16 hours, then a ae oe : 
” beaten up again, | Bricket 1 27 | oe | 28 231 es | 105 














154) 8 






aes 


NorvR.—From these last three experiments it is seen that roughness of materials docs not injure 
the quality of concrete as it does that of a mortar for brickwork. i ane ee 
good 4s that obtained with carefully prepared lime and soorkee, . . 


Indifferent, 
Good, ve. 
Very good, 
Excellent, 
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Approximate. standards of quality for mortar. 


For MAsonny. For Conorers. 











Adhesive strength | Tensile strength after 
after 28 days { under 28 days (at least 








; water if for 21 under water, if for 
hydraulic work), hydranlic work), 
bs. per 8q. in. _ ibs persq.in. ~ 
2048 Ste een 5 50 
eee gee eee 10 100 
one eee ae 15 150 
eee eee see . 25 200 
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ON AN IMPROVED FORM OF LEVEL. 
[Vide Plate XUL] 


By Francis J. E, Sprine, 1. C. &., Trinity College, Dublin, and 
Asst. Engr., P. N. (8.) Railway. 


Tae following paper is a description of a modification of Troughton’s 
Level, which I have made, and which I beg leave to call an improvement, 
as I shall now endeavour to show. 

These adaptations I had no difficulty in making myself (at the Kuthala 
Workshops, Chenab Bridge, Panjab Northern State Railway). 

Referring to Fig. 1, it will be seen that my modifications are two. 
First, the connection of the spirit level with the horizontal plate A by 
independent supports, without the intervention of the telescope, so that 
any adjustments of the telescope do not affect the level. 

It consists in simply cutting off the screw B and hinge C, Fig. 2, and 
rounding off the tops of the rings in which the telescope rests, and fixing 
two separate supports DD, Fig. 1, (which surround, but are of larger 
diameter than the telescope,) for the level, to the plate A by means of 
screws from underneath. This alteration by itself is. of little use, but it is 
essential to the proper working of my second improvement. 

The second, and in my opinion most important, alteration, is my 
revoluing eye-piece, (which carries the diaphragm,) of which I shall first 
endeavour to describe the action, and afterwards the advantages, = 

The eye-piece end of the inner tabe of the telescope having been 
strengthened by a 4°,” thick ring of brass, E, being brazed round it,: was 
earefally centred in the lathe, and turned as perfectly as possible on the 
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inside, for about an inch, and outside over the rmg E and on the end. 
The new. eye-piece is as per Fig. 8, longer than the ordinary eye-pieoe, 
and is turned so as to fit accurately and revolve freely in the inner teles- 
cope tube. It has a flange F, just behind the diaphragm screws, which 
fits. perfectly against the end of the inner telescope tube. 

The eye-piece is kept in place, and at the same time permitted to revolve 
by the points of the screws G, G, which fit in a groove turned round the 
eyé-piece. The upper of these screws can be screwed down into a hole 
into which it fits when the eye-piece is in its normal position. 

All being now arranged as above, and the level being set up in any 
position, (or to simplify matters, and get all idea of level out of the reader's 
head, let us suppose the telescope held in any nearly horizontal position, 
in a vice or otherwise,) a staff is set up at any convenient distance, say 
three hundred feet, and read. The eye-piece is now made to revolve half 
round, and the staff again read. 

If the readings be not the same, correct by the diaphragm screws, (eas 18 
done when the whole telescope of a Y level is made to revolve in its Y’s). 

The horizontal wire is now in the centre of the telescope. 

Let me now describe the advantages of these Snorene: Suppose 
the instrument to be all out of adjustment as follows :— 

(a.) The level axis is dot at right angles with the cone axis, in other 

words the bubble does not reverse. 

(8.) The horizontal wire is not in the axis of the telescope. 

(c.) The axis of the telescope is inclined, and not perpendicular to 

the cone axis. 


To Apsust. 


1st.-—Adjust the apirit level in the ordinary way so as to reverse, (1. ¢., 
half with the foot screws and half with the screw H.) 

2nd. —Set up a staff at say 300 feet off, and adjust for parallax and 
read. Half revolve my eye-piece round its own axis, and again read. 
Correct by the diaphragm screws so as to read half the sum of the former 
readings. A couple of trials will get the wire so that the peelingss in both 
positions are the same. | 

‘The horizontal wire is now in the centre of the telescope, 

ord.—To got the axis of the telescope parallel to the level axis (thes wires 
having been by adjustment No, 2 got into the centre of the telescope), 
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| When the instrument is set up, and the bubble adjusted so as to reverse, 
the level axis is a true level line. If, therefore, we have two pegs, ‘the 
tops of which are known to be of the same reduced level, and while the 
bubble rests jn the centre of its run, so adjust the telescope by. means of 
the telescope screws I, I, that the readings of one staff resting in turns 
on the tops of two such pegs are the same, we have gained onr end. 
Therefore drive in two pegs, at say 800 feet apart, and having set up the 
instrament midway between them, and by means of the footscrews brought 
the bubble to remain in the centre of its run in all position, take readings 
on both pegs by means of the same staff. Then tap down the higher of 
these two pegs till the readings on both are the same. These two pegs 
are now a true level line. Next bring the instrument as near one of the 
pegs as will admit of distinct vision, and read one staff placed on both 
pegs in turns; and as the virtual line of sight is not parallel to the level 
axis, the readings will differ, when the bubble is in the centre of its run. 
By means of the telescope screws I, I, correct on the farther staff, so as to 
read the same on both pegs when the bubble is in the centre of its run. 

The axis of the telescope, in which the horizontal wire was brought 
by adjustment No. 2, is now parallel to the level axis. 

On the first occasion of the adaptation of this eye-piece to any level, it 
will be probably found that both supports of the telescope are not bearing 
hard down on the plate A after adjustment No. 8, In this case it is (as 
will afterwards be seen) most desirable to so file and fit the bearings, that 
after adjustment No. 3, they may both bear hard and tight down on plate 
A. This adjustment will now be permanent, and not likely to get out of 
order. (Indeed many levels, those of Cook of York, and some new ones of | 
Troughton I believe, are sold with the telescope axis in permanent rectan- 
gularity with the cone axis), This being done, all the adjustments required 
will be two, viz., the bubble, and that made by revolving my eye-piece, 

With a. level fitted as I have described, and as I have fitted mine, any 
Engineer may do all his adjustments indoors, on a wet day. 

My original idea was to make the pinion, which works the telescope 
rack, removable by substituting more substantial screws for the four little 
existing ones K, which wear out if often handled: and thus to revolve the 
whole inner tube in the outer; but the telescope tubes could be with diffi- 
culty kept truly concentric along their whole =— so as to revolve ad | 
and without shake. . 
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‘& portion of the inner telescope tube equal to the interval between the 
“forward fases of the flanges F, L, must-be cut off before the strengthen- 
‘ing: ring, E, is brazed on, and a part of the outer tube must be cut off — 

equal to this length, plus the width of this strengthening ring. “ 

The permanent. adjustment of the axis of the telescope into rectangu- | 
larity ‘with the cone axis is best- performed by the instrument ss 

by the amateur mechanic, as follows :— py 

Temporarily remove the spirit level and its supports. 

: Bring the horizontal wire into the axis 3 of the si by means af my 
revolving eye-piece, 

Set up the level in any nearly horizontal position. (By cians not 
on its legs, but by firmly clamping the footscrew plate to a strong bench 
or in a heavy vice, or in the case of a three-screw level, by means of the 
footscrews screwed down into three holes in the bench). Remove the teles- 
cope screws I, I, and place the telescope on the plate A in its usual posi- 
tion, and read a staff set up on a peg about 300 feet off. Now lift up the 
telescope, and revolve the plate A (and with it of course the cone) half a 
revolution round the cone axis. Again place the telescope on the plate 
A, looking towards the staff as before, (but with its ends reversed, of 
course, with respect to its former position on the plate A,) and read. 

Correct, so as to read half the sum of this and the former reading, by 
filing and fitting the underneath surface of one or both the telescope sup- 
ports, A few trials will make the readings, in both positions of the plate 
A, identical. 

Now insert the screws I, I, and, having brought the telescope supports 
to bear hard down on the plate A, the axis of the telescope will be in per- — 
manent adjustment, (bar accidents and falls which may bend the plate A). 

As the description of this method of permanently adjusting the teles-. 
cope axis has been inserted only for the benefit of instrument makers and . 
such Engineers as are also practical fitters, I have not thought it iat 

| to go into very minute details as to the reason why. 

In conclusion, I wish it to be clearly understood that the getting of 
‘the Wire ixito the axis of the telescope is not the principal object of my new 
. €ye-piece,, for this position of the wires has been pers by. acta Blood | 

to ‘be-not essential to accurate levelling. | 
ae “My 6 bject is the more easy adjustment of the visual line, parallel to'the 
“piel axis, the ‘axis. of the telescope having been first, by repeated trials 
‘VOL, TV.=—-SEC0ND SERIES... | Oo 
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and fitting and filing, placed in permanent adjustment, ¢. ¢., at-right an- 
gles with the vertical axis (or parallel with, the level axis), - This object 
has I hope been now gained, and with a level so fitted up, the Engineer, 
who frequently while on extensive surveys finds difficulty in sparing a 
morning for testing his level adjustments, will be able to use for this pur- 
pose many a wet or unfavorable day which otherwise would have beens 
dies non. | = 

_ I may mention, that I have converted the Level, to which I adapted 
the above improvements, from a four screw to a three screw Level by re- 
removing the lower parallel plate and ball and socket, and enlarging the 
upper parallel plate to a triangular form. The advantages of a three over 
a four screw instrament, are I think appreciated by all Engineers who have 
tried both. 


January 6th, 1875. FJ. E. 8. 
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SHORT ACCOUNT OF A TRIANGULATION MADE ON 
THE HOLKAR STATE RAILWAY IN 1870-71. 


By Lrevt. W. H. Jonneronz, R.E., Asst. Engr, Ghdt Division, 
| Holkar (State) Railway. 


Ir is not often that an engineer is called upon to make an independent 
triangulation for the basis of a survey; but since it may sometimes hap- 
pen that no maps or surveys of the country exist suitable for the purpose, 
it is hoped that the following may be useful. 
- The location of the Holkar State Railway, as it ascends to the Malwa 
plateau through the Ghats of the Vindyas, was a point of some difficulty. 
Several alternatives offered themselves, and although the Superintending 
Engineer (Mr. Crawford Campbell) at once selected the line which was 
eventually adopted, the Government of India, in a matter of such import- 
ance, determined to have every possible line run, anda survey made to 
connect the whole. 

Twenty-one trial lines in all were run, and as no survey of the country 
existed at the time, it was necessary to have some basis, either of trian- 
gulation, or of ‘travorees, with which the different lines of levels could be 
connected. 7 
_. The whole of the surveys, including the numerous trial lines, were un- 
der the direction of Mr. Stanley Alexander, who entrusted to the present 
writer, the task of triangulating the Choral Valley. The field was taken 
on the 24th November, 1870, the survey party moving into sen near 
‘the village of Chotlia, about five miles from Mhow. , ‘ 
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. - The first operation was to measure a base ;. and it was with great diff- 
eulty, that a tolerably level site, fit for the purpose, could be obtained. 

On the 28th November, and two following days, a base line was ranged 
out, and measured with levelling eh) under Mr. Alexander's own 
supervision. 

The length of the measured base was 4105-77 fect, but this was § pro- 
duced by triangulation to 9932-28 feet. 

The azimuth also of the base was determined by a greatest ‘ieaeitin of 
the Pole Star, and the variation of the compass found to be 2° 3’ 45", Hast. 

On the 4th December Mr. Alexander broke up his camp, and’ went 
to superintend the running of the trial lines; and the writer was left 
with four native plane-tablers, who were tu sketch the country on their 
plane tables, as the trigonometrical points were given to them. 

Before describing the methods of observing and calculating, which were 
adopted, it will be as well to explain the general character of the Survey, 
and to point out some of the difficulties which were peculiar to it. 

The triangulation made, was about seventeen miles long, and embraced. 
‘the Choral Valley and the hills on each side, varying in width from three- 
quarters of a mile to three miles, and even more as the valley widened 
out at the lower end. The system of triangulation adopted was “ Qua- 
drilateral,” as this best admits of checking in the manner to be presently 
described, and the country generally was favorable to this form. 

The height of the hills on each side above the river Choral, may be 
from 500 to 1,500 fect. These hills are covered with trees sad brush- 
wood, and in nearly every instance rays had to be cut from each point to 
the snrrounding stations. , a 

The “stations” consisted of stout “bullies,” projecting three feet. eat 
of the ground, and surmounted by “chatties.” Both were whitewashed , 
and,when it was necessary to observe from any station, the chattie res 
removed, and the theodolite centered over the bullie. | 

The theodolites were = “< Everest’s”, reading with. aie verniers 
to 30 seconds. 

The whole of the surveys were plotted to a sale of 00 feet to the 
inch, which necessitated some care in the eee if it was to ms of | 
any use. : 

- The peculiar difficulties were satel the small size and emtrast | 
worthy. nature of the instruments, which had already seen many. years 
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service in the D. P. W.; and secondly, want of time. Indeed it may 

truly be said, that the whole of this season’s work, from first to ae was 

& race against time. 

- he method of observing was to take two rounds of eine at each 
station, one from zero 860°, and the other from zero 180°. Thus having: 
read all the three verniers, six values for each angle were obtained. | 

These were weighted by estimation according to the remarks in the . 
‘Field-book, or where no remarks were recorded, the mean of the six angles 

was taken, The three angles of a triangle thus found, should of course 

amount to 180°, but in practice, there is always a small excess or defect, 
which is called the “triangular error,” and which in the present instance, 
as a preliminary measure, was equally distributed over the three angles. 

The triangular error of, these triangles was large, as might have been 

expected, amounting sometimes to as much as 30) seconds; and the fol- 

lowing tentative method was adopted to reduce it. 

Let ABCD be « quadrilateral of the series, of which the side AB has 
been previously determined. Then, all the 
angles having been observed, the triangles 
ADB and ABC can be solved from AB. 
Thus AC and BD become known; from 
which fhe triangles BDC and ADC are 
solved, and so two values are obtained for 
N\ DC. If these agreed within a few inches, 

8 the next quadrilateral was proceeded with 
in the same manner. If however, the values of DC thus found, did not 
agree satisfactorily, the triangular errors of the four dlangies of the 
quadrilateral, were re-distributed according to reasoning such as the 
following :— 

Suppose thé value of DC found from the triangle BDC was larger than 
that found from ADO. 

' Then in the one case :— 


DO = martial which is too large, and in the other 


ee AG, ain DAC 
2DO= ‘gin ADC 


7 Noten T wap not at this time acquainted with the method of “ least squares,” but have sinee sp- 
plied it, ont of: ourfoalty, to eome of ‘the triangles, and find that tt reduces a triangalar error of 27 
pecondd to's probable error of shout 17 seconds, ; 

Of connie these triangles are far too small to make“ spherical oxoess” appreciable, 


Cc 





which is too small. 
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Hence the angles DCB, DAC, and the side AC, must be increased, and 
the angles ADO, DBC, andthe side DB diminished. 

Also to increase the side AC, the angle ABC must be increased, and 
to decrease the side DB, the angle BAD must be diminished, and so on. 
‘ It generally required several trials to secure a satisfactory result, each 

trial of course involving the solution anew of four triangles. 

The labour of such a process can only be imagined, by remembering 
the fact, that selecting stations, clearing rays, observing, calculating and 
plane-tabling, all went on simultancously. 

On the whole, there were very few hitches when once a start was made, 
and the last triangle of the series was plotted on a plane table, on the 
4th March, 1871. At a distance of 10 miles from the base line, a “ base 
of. verification” was measured, but it was impossible to obtain a greater 
length than about 600 yards, owing to the rugged nature of the country. 
The measured length was 1871'8 feet, and the calculated value differed 
from it by only ,;th of a foot, or rather more than an inch, 

This is equivalent to an error of about 34 inches to the mile, ut all 
things considered, this can only be looked upon as a lucky coincidence. 

The triangalation, however, proved itself to be abundantly accurate for 
the purpose for which it was intended, viz., for tying together all the trial 
lines and isolated surveys and traverses, which were made. | 

A triangulation like the above, must not be compared to the field work 
done by a regular survey staff, fully equipped and organised. The con- 
ditions sare altogether different, nor are the purposes, for which they are 
intended, at all the same. 

The short account here given, is simply “ an experience,” a little outside 
the ordinary practice of a railway engineer; but which may occur again 
in countries yet unsurveyed, or cven in parts of India. 


W. J. Je 
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LEAVES FROM A SUPERINTENDING ENGINEER’S 
NOTE BOOK. 


[ Vide Plates XIV. and XV.} 


By Lisvr.-Cor. J. G. Mepiey, R.E., Assoc. Inst. C.E., Supdg. En- 
gineer, Punjab. 


Concrete.— We are using concrete in this circle for the walls of small 
buildings, with great advantage in point of economy. It is generally a 
good deal cheaper than kucha-pucka brickwork or stone in lime (pucka 
rubble), being executed at from Rs. 10 to 14 per 100 cubic feet. 

The best proportion for foundations at Rawal Pindee has been found to 
be 18 parts (by measure) of slaked (stone) lime, 35 parts of bujree or 
gravel (washed), 30 parts of soorkee, 100 parts of stone broken to 1}- 
inch gauge. The lime and soorkee are mixed in a regular mortar-mill, 
the bujree is then added, and finally the stone. The mortar is mixed one 
day and put into pucka tanks; the next day it is taken out to be mixed 
with the other material, and put into site by 11 a, u., and then rammed up 
to 6 rp. m.: nothing is put down after 11 4.m. This is the concrete used 
in the new Fort works. 

For superstructure, it is better to dispense with the stone altogether, 
and to use only bujree, In the new Female Ward, lately built at the 
Rawal Pindee Jail, the walls, 16 feet high and 2 feet thick, have been built 
entirely of concrete, composed of 12 cubic feet of lime, 20 cubic feet of 
soorkes, and 100 cubic feet of bujree. The concrete was carried up between 
boards in 6-inch layers and rammed, and the work was done for Rs. 15 

_ VOL, 1V.——-SECOND SERIES, | P 


104 LEAVES FROM A SUPERINTENDING ENGINEER'S NOTE BOOK. 


per 100 cubic feet. The flat arches over the doors and the verandah 
pillars have been executed in the same material. 

A box of known capacity being filled with as much of the broken stone 
as it will hold, water is then poured in until the box is full. The quan- 
tity of water so poured in will of course show the amount of mortar that 
will be required to fill up the interstices in that quantity of stone. 

In order to determine the cheapest quality of concrete that it is safe 
to use,—~as it is very difficult to test the actual resistance to crushing—it 
seems sufficient to determine the minimum tensile strength that may be 
allowed for the mortar—say 20 tbs. per Hapare inch—and then to add bujree 
to fill up the interstices. 

At Kohat, a block of concrete 9 x 9 x 18 inches between points of 
support, composed of 1 part lime, 1 part soorkee, 2 parts sand, (equivalent 
to 8 cubic feet of mortar,) and 74 cubic feet of ballast, after setting one 
week, broke transversely with 180 fbs. at the centre; after one month, 
with 234 ths.; and after three months, with 418 fbs.; the mortar itself 
breaking in tension with 14 tbs. per square inch. Such a concrete, 
therefore, would not be safe for any but low buildings. 

Iron Cement.—There is a cement used at Kalabagh, on the Indus, 
which I have not seen described in books. It is composed of 2 parts 
of pounded iron slag, or refuse from a common native furnace, to 1 part 
of clay, simply mixed together with water. It sets rapidly, and is very 
strong. Though too expensive for general adoption, it would be excel- 
lent for filling up cracks, or perhaps for paving the floors of racket courts, 
&e. 

Sind tiles—The hollow hexagonal tiles, described in the Roorkee 
Treatise, have been lately introduced into this circle for roofs with econo- 
my and advantage, timber being very dear. The tiles we have found best 
adapted for use have sides of 4 inches at one end, and are 8 inches long; 
the sides of the lower end being }-inch shorter, so that the tile has a voussoir 
shape ; otherwise there is leakage through the joints. We have found no 
difficulty in making them from the description in the books, but Captain 
Armstrong, at Kohat, has invented an improved mould and screw press, 
which turns ont the tiles in a very superior and more economical manner. 

Cost of Bridges.—From a large number of bridges which have been 
constructed in the circle, of brick and stone, with arches or timber super- 
structure, it appears that Rs, 2-8 to 3 per foot (superficial) of roadway 


\ 
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‘(between the parapets and from end to end of the bridge), may be taken 
‘an approximate estimate for bridging a stream when there is no extra- 
jnary difficulty with the foundations. 
fost of Buildings.—From a large number of buildings erected in 
fi ‘circle, it appears that the cost per foot, (eubic,) of actual accommoda- 
yn provided, (without verandahs,) varies from 2 annas to 5 annas accord- 
dng to the style of construction. 

Road Metalling.—The following kinds are used in this circle :— 

I. Shingle or bujree from the beds of nullahs, laid down in 2-inch 
layers, not rolled or rammed, consolidates well and quickly 
under wheel traffic, and where available, makes an excellent 
and economical metalling. ’ 

II. Sandstone broken to 1 inch gauge, and laid (in 2-inch layers), 
loose as in England—consolidates quickly under wheel traffic, 
and makes a very good metalling, but will not stand very 
heavy traffic. Both these kinds have lately been used on the 
Rawal Pindee and Murree road, and answer well. 

II]. Limestone, blue and white: the stone is broken to 2-inch gauge, 
laid down 44 inches thick, and rolled dry with a heavy roller, 
then covered with #-inch of dry earth ; this is picked in, water- 
ed, and then rolled again, and finally covered by a 4-inch 
layer of stone siftings, (made by screening the stone at the road 
side,) which is again watered and rolled. These siftings are 
ground to powder by the traffic, and then fall into the inter- 
stices below, and help to bind the stone together. This is 
used on the greater portion of the road from Jhelum to Pesha- 
war, and is the very best kind of metalling possible. 

IV. Broken flint boulders are also used in a similar manner, but make 
a very lumpy metalling, which it seems impossible to consoli- 
date properly, 

The following figures may be useful :— 


Jhelum and Rawal Pindee road, length 67 
miles, average cost of carriage, amis 





and breaking metal, .. Rs. 7 8 O per 100 cubic feet. 
Do, do., consolidating, | jee: gy 10 0 . 
Total, tee 9 2 0. 


1 mile sony: 12 feet wide, 9. inches thick, costs Rs. 4 884 to make, 
and about Re, 700 annually to keep in repair; and capitalizing this last 
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at 5 per cent., 1 mile of metalling represents a sum of Rs. 18,334. A 
layer of this metal 43 inches thick, ought to last five years with occasional 
petty repairs, if properly laid at first. 

Kucha Roads.—Except the Grand Trunk Road, all the roads in this 
circle are kucha, and are very difficult to keep in proper repair from the 
quantity of drainage crossed. The large nullahs are not bridged, but 
have sloped approaches to them; these should be made 1 foot in 15 feet. 
The hill roads, of which there are many miles, are generally drained 
towards the inside, but occasionally to the outside, and the latter mode 
has some advantages where a road cannot be constantly looked after. 

The protective parapets for these hill roads are made of wood or stone. 
On the higher parts of the road, the wooden railings are often carried 
away by avalanches of snow, and stone walling is both cheaper and more 
durable. The best and cheapest mode is to employ very large blocks of 
dry stone, too heavy to be thrown down the khud by any mischievous 
person, and which, if there is any cart traffic, are as effectual a protection 
to the traffic, as a wall of solid pucka masonry. 

Bridges.— Bridges on these roads are of all sizes and kinds. Concrete 
barrel bridges have been lately made, and answer well in point of economy. 
The best timber bridges we have, are those over the Leh and Salgram 
nullahs; the latter has just been put up on the Murree road, to replace 
the old one which figures in the Roorkee Mannal on Bridges, and which 
was erected 16 years ago by Captain Glover: ‘being of cheer wood not 
properly seasoned, it could not be expected to last longer. The new 
bridge has three girders with oblique struts of deodar, and vertical iron ties, 
with cross struts only at the middle portion of the bridge. These trusses 
are very strong and stiff; and, when well made, the joints do not seem to 
work loose at the hardwood abutting blocks, which are the weak points 
of this kind of bridge. 

The bridge now being erected for the Rawal Pindee Municipality over 
the Leh nullah, is of similar construction, and has three openings of 61 feet 
span, each span composed. of three ribs. The girders are continuous 
throughout—the roadway is on the top. The piers are of stone with well 
foundations. 

In Hazara we always use the strut and strain bridge; ai with iron tie 
bridges, the nuts, &c., are very apt to be stolen. 

On the frontier roads, the people often steal the wood from the tempo- 
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rary bridges; in those lately made, I have had the beams built into the 
masonry, and the planks strongly clamped down. 

The Zemindars are very fond of making irrigation cuts or raised 
channels right across the roads. This of course should be prohibited or 
punished, and a sufficient number of permanent channels provided. In 
the Peshéwar District, we have lately made these of 9-inch earthenware 
drainage tiles, surrounded by concrete, costing only Rs. 10), 7 

On all the boat bridges, the old native boats and superstructure are 
being replaced by Colonel Taylor's new pattern for both—of which a des- 
cription will be found in the Roorkee Treatise. The annual cost and 
short wear of native moonj rope is so great on these bridges, that we 
propose in future to use English rope for lf the portions, except the 
cables, which are often lost in dismantling the bridge. 

River Spurs.— Many of the streams and torrents in this circle require 
training, to keep them straight for the bridges, and prevent the destruc- 
tion of their banks. For the latter purpose, we have found the old plan 
of cutting back the banks to a gentle slope, and planting willow cuttings 
or tufts of grass, answer well. Earthen spurs revetted with fascines, were 
tried last year in a very troublesome torrent—instead of masonry spurs, 
and were very successful. 

The following account of a still more economical kind of spur or groin, 
which has lately been tried with success, may be interesting to many :— 

The Deena nullah crosses the Lahore and Peshawar road about 12 
miles above Jhelum, and is spanned by a masonry bridge of 10 arches of 
40 feet span. About 500 yards above the bridge, the nullah makes a sharp 
bend to the right, and the action of the stream at this bend has for some 
years past been severe, threatening to force a new channel for the water, 
which might eventually desert the bridge altogether. Masonry spurs and 
walls were built at the spots shown in the plan, Plate XIV., and lines of 
trees tied to chains were found useful in defending the banks below the 
bend. Two years ago, however, a heavy flood cut into the bend, forced its 
way behind the wall A, which it breached in the middle, scouring out 
a deep hole at the breach. 

The bed of the nullah is composed of pure sand, the banks being also 
very friable. It has a fall of 11 feet in the mile, and though the floods 
are not of long duration, they are very violent while they last, varying in 
depth from 8 to 9 feet. 
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In order to prevent further action at the bend, and to turn the stream 
_ down towards the bridge, it was resolved to try the effect of Sand spurs, 
revetted with fascines, dispensing altogether with stone, (which would have 
had to be brought from a long distance,) and with piling (which would have 
been very expensive), the principle sought to be established being, that by 
presenting to the water a long, flat slope, up which tt should have to clim, 
instead of a vertical face, the scour would be reduced to @ mintmum. 
The spurs were build at the spots shown in the plan, Plate XIV., and were 
made of pure sand, taken out of the bed—the up-stream faces and the ends 
or noses of the spurs were laid out ata slope of 10 to 1, and protected by 
fascines made from the long grass growing on the nullah banks. They were 
finished in April last, and have since stood several severe floods, effectually 
diverting the water, and preventing any action in the bend, while large 
deposits of silt have been made between them. The scour at the foot of 
the upper spur, which of course had to bear the brunt of the water’s action 
has been very slight. Even bad it been greater, the spur would simply have 
sunk, and the fascines would have protected it from being washed away. 
The experiment was certainly a risky one, in a stream of so great a fall 
to its bed, and with a full flood of perhaps 24 hours duration, the spur 
would probably not have stood. But in sandy nullahs of less slope, and 
even in large rivers with a moderate current, it is believed that these spurs 
will be found economical and efficient—chiefly in saving a recourse to piling, 
which is always so expensive. After the first year, the spur may probably 
be found to be a distorted and shapeless mass, but so long as it stands 
without being breached or carried away, a heavy deposit of silt will cer- 
tainly take place above and below it, and if grass be planted on it, the 
second year will probably find it impervious to the attack of further floods. 
It must be remembered that the whole principle of the thing, (if there 
be a principle,) depends on the length and flatness of the up-stream slope, 
which should not be less than 10 to 1, and the sole limit to which is the 
consideration of expense. Also that the greater the velocity and duration 
of the stream, the flatter evidently should be the slope. On the down- 
stream side, of course a much less slope will suffice. 
It is believed that a similar plan might be pursued in constructing river 
levees or embankments, which, in important® cases, should be made double, 


the two being separated by an interval of perhaps 100 yards, and connect- 
* Asin the Railway embankments at the Butlej Bridge, for example. 
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ed at intervals by cross bunds, The advantage of this method would 
clearly be the isolation of any breach in the first embankment; and by 
gently admitting the water through temporary sluices into the interval, 
there would probably be so large a deposit of silt, that the whole space 
would virtually become one massive bank. 

For the protection of the slope, instead of fascines of coarse grass or 
brushwood, which have here been used, thick ropes of grass regularly peg- 
ged down, or wicker hurdles interlaced with grass, might be employed if 
found cheaper. Sand bags have been employed on the Chenab River 
works, but will generally be found more expensive. 

In more violent streams where stone is available, it is believed that the 
adoption of the same principle, though to another material, will often effect 
aconsiderable saving. Thus, in lieu of erecting spurs of solid pucka 
masonry with deep foundations, as is generally the case, spurs of loose 
stone, with a long slope towards the water would be cheaper, and probably 
as efficient—with the additional advantage over a solid spur, that in case 
of scour, the loose stones would fall down and fill up the hollow, while the 
solid spur would crack and fall to pieces. Inthis case, the only caution 
necessary would be to face the slope with very large stones, too heavy to 
be moved by the action of the water. If these could not be procured, it 
might be necessary to employ crib work, or to set the outer layer only in 
mortar. 

Metalled Gaps.—On some parts of the Lahore and Peshawar Road, 
many drainage lines are crossed that only bring down water for perhaps 
a few hours during the year. To save the cost of bridging them, metalled 
gaps have been left, defended by apron walls on both sides. The action 
of a flood on the down-stream side is often very severe, causing a consider~ 
able scour to the depth of 4 or 5 feet. The best mode of protection has 
been found to be, to form a rapid (at a slope of 10 to 1) of dry boulders 
below the apron wall, the largest stones being reserved for the upper layer. 

Some of these nullahs have a small perennial stream, over which a 
bridge is thrown, the spring of the arches being on the same level as the 
floor of the gap, so that when the nullah is in flood, the whole gap is 
covered with water, without silting or blowing up the arches. 

Two Sub-merged Bridges of this kind have been built on the G. T. 
Road near Attock, and on the Kohat and Hungoo Road. 

On the Kohat and Attock road, a nullah is crossed by a weir pierced 
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with small arches, through which a small flood finds its way, while a large 
flood will pour right over the weir. As soon as the flood is over, the 
communication is restored. | 

Such a weir is sometimes made without arches, and is useful not only to 
carry the road across, but also to pond up a supply of water after a flood, 
which in the dry, rainless, tracts of the Northern Punjab, is of great value 
to the people and their cattle. 

Water Supply.—The water supply of many towns in the Northern 
Punjab is in a very unsatisfactory state. For Peshdwar, a scheme is now 
in progress for leading water from the Bara river, six miles off, through 
concrete ducts and iron pipes. 

In Rawal Pindee, the unhealthiness of the city is chiefly attributed to 
the unsatisfactory state of the water supply. The wells are 100 feet deep, 
and often dry up, just before the rains—the people use the water of the Leh 
nullah, which, as it is also used for bathing and clothes washing, is fearfully 
polluted. A scheme is now under consideration for bringing in a supply 
from the Rawal pool, nine miles distant. 

In Kohat, the Government has gone to considerable expense in bring- 
ing in a stream for the Cantonments, from a spring near the fort. This is 
Jed through closed channels of concrete, into several covered masonry tanks, 
from which it is drawn by brass taps or cocks, to which descent is effected 
by a flight of steps from the ground level. In each tank, one tap is set 
apart for the use of Hindoos. 

At Haripur, in Hazara, a similar tank has been made in the centre 
of the bazar, with the addition of a filtering chamber through which the 
water, which is excessively foul, is first passed through four feet of crushed 
quartz. The water is thoroughly purified to taste, smell and sight, and 
is freely used by the people. 

A drawing of this tank is given on Plate XV., and the following is a 
detailed description extracted from reports furnished by Captain KE. T. 


Wynne, R.E., Executive Engineer. 
REPORT. 

For the site of such a tank, it is advisable that there should be a means of draining* 
the area in front of the service cocks ; this involves a fall of about six feet below the 
level at which the water to be filtered is delivered. At Haripur, auch a site is easily 
attainable, as there are several falls in the irrigation channels, at which native mille 
are placed : the dact to admit the water into the filter being close to the surface and 


easily accessible : its }eongth does not mach matter. 
* The drainage water might be pumped up or baled out.—J. G. M. 
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1 Padlock, at Ra. 2, ton ove eee eee eae aes oon 2 
_ Total, ... sa 412 
Add contingencies, at Rs. 5 per cent., ... ae 21 
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Brickwork.—A large number of the buildings in this circle are of 
kucha brick masonry in the superstructure. In all but the very com- 
monest buildings, however, three layers of pucka brick masonry are laid 
under the wall-plates, and the door and window frames are also set in 
pucka. In many cases it has been found necessary to protect the outer 
walls of such buildings by a layer of pucka masonry, onthe sides most 
exposed to rain-storms. In general, the kucha walls are only protected 
by the ordinary kucha plastering. | 

Roofs.—In roofing, we employ deodar for all buildings of any conse- 
quence. Its great and increasing cost, however, has led us to use the 
Palundar (Pinus excelsa) and Byar (Abies smithiana), for many build- 
ings in the Hazara district, which if protected from the weather, answer 
well. In the Kohat district, we use round bullies, which appear to be 
young fir trees, and which are brought in by the frontier people from 
the hills, and are sold by the score; also choufalls, or roughly squared 
small timbers, of a similar kind. 

The roof coverings are various—kurrees and planking, or flat tiles 
with three inches of pucka terracing, and six inches of earth; mats or 
brushwood covered with earth, and leped with cowdung. In the Hazara 
District, shingle roofs are general. 

Slab slate of good quality is plentiful at Nowshera and in Hazars, and 
is often used for flooring, but all attempts to discover a good roofing slate 
have hitherto failed. | 
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_ Labor and Establishments.—For the superintendence of work, we 
principally employ native Sub-overseers, and itis exceedingly difficult to get 
satisfactory men, especially for these wild, frontier districts. In Kohét 
and Bunnoo, it is necessary that they should speak Pushtoo, or they cannot 
make themselves understood. In the cold weather, gangs of workmen 
come down from the hills, and are employed in road mending, and other 
work not requiring skilled labor; they are often “rough customers,” and 
require a good deal of management to get fair work out of them. The 
country is very wild and desolate, villages few and far between, and water 
very scarce, so that the ordinary Sub-overseer from Hindoostan or the lower 

Punjab, has not a happy time of it on the whole. 

The Executive Engineers of this circle have all very large divisions to 
look after ; the work is much scattered, and riding the only means of loco- 
motion, except on the Grand Trunk Road. Besides the provincial works, 
they assist the District officers more or Jess in the execution of Local and 
Municipal works. The exact relations of the two are not very clearly 
defined, nor is it advisable that they should be so, as the D. P. Works 
establishments would require to be very greatly increased to enable them 
to undertake all the public works in the province; practically, their assist- 
ance is sought and given in all cases requiring professional skill, and 
the arrangement works smoothly enough on the whole. 

J. G. M. 
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LIGHT DRAUGHT BOATS FOR PUNJAB RIVERS. 


Nore. 
Tue following description has just been received from America of a 
peculiar class of steamers used in the United States forthe navigation 
of very shallow rivers: it has been obtained through the kindness of 
Major-General Newton, U. 8. Engineers, in view of urging the employ- 
ment of a similar class of boats for the rivers of the Punjab. 

The Sutlej, Chenab and Jhelum, with their tortuous and shifting chan- 
nels, do not present greater difficulties to navigation than the Missouri, 
Ohio and Upper Mississippi; and if varions attempts have failed in 
navigating the former, I venture to think itis because we have never 
yet tried steamers of a proper class; having gone to Europe, instead of 
America, for our models. 

I much regret that General Newton has not been able to procure 
drawings, for the reasons stated in Major Suter’s description. Should 
they be received hereafter, they cau be published in a future number of 


the Professional Papers. 
: J. G, Murp.iey, 


Lizvt.-Cor., B.E. 


Extract of letter from Major C. RB. Suter, U. S. Engineers, to General 
John Newton, U. S. Engineers. 

T have endeavoured, without success, to obtain what I suppose Col. 

Medley would prefer, viz., complete plans of a boat of good performance. » 
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In fact, no plans are ever made either of the boat or machinery—rule of 
thumb being still the favorite method among western mechanics. 

‘The best I can do, therefore, is to give you & general description, which | 
I hope may be intelligible. 

As I understand it, you wish for information only about the small, light 

draught boats used in the navigation of the shallower streams, and which 
are intended more for freight than for carrying passengers. 
_ We have two general classes of boats, viz., side-wheel and stern-wheel, 
The former are rather more stylish, and have some substantial points in 
their favor, notable among which is the facility of handling afforded by 
their separate and distinct paddle wheels, each of which 1 is driven by a 
separate engine, 

They are, however, more expensive to run, requiring four engineers in- 
stead of two, and are heavier for the same carrying capacity. They are 
also necessarily wider. For these reasons they are rapidly going out of use 
on the small streams, and even on the large rivers their supersession seems 
inevitable. 

On stern-wheel boats, they always work two engines also, but they are 
coupled to the main shaft at right argles, and can be handled by one man. 

Their“action on the wheel, and the whole propelling effect seems to be 
considerably better than when the same engines and boilers are put on a 
side-wheel boat of the same size. 

Within the last few years, some of those boats have been fitted with 
compound engines with good results, although the designs which I have 
seen are rather crude and roughly got up. 

I think that eventually they will be very generally used, as the high 
steam pressures used will give every possible opportunity for their favour- 
able performance. 

As far as regards the construction of the hulls, there is but little differ- 
ence between the two classes of boats—the stern-wheelers are broader in 
proportion to length, and end with a scow stern. This latter condition is 
rendered necessary by the fact, that the whole bulk of the machinery, 
except the boilers, is placed on the stern of the boat, which requires in 
consequence as large a displacement as possible to carry this weight safely. 
The bow is more or less modelled according to taste and draught of water, 
and @ large straight body fills up the intermediate space. Tho sides are 
generally vertical: The rake of stern must be as easy as possible, other- - 
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wise the eddies prodaced will spoil the steering, and the wheel will clog up 
with water in backing, which on these craft is a very important matter, 
For the same reason the paddle wheel must be set as far alt as possi- 
ble—-running the paddle beams back as far as may be to keep the wheel 
away from the stern bulkhead. 

On stern-whecl boats, built for freight purposes and for light dranght, 
from 130 to 180 feet would be the usual proportions of length. Where 
mudel is desired, t.¢. speed, or more room is available, the length may 
run up to 200 feet. 

The beam is generally about one-fifth of the length for freighters, 
although on tow-boats it is often carried as low as one-eighth. 

Height at side is generally from one-fifth to one-sixth the beam. 

A good deal of shear is given forward—aft it depends a good deal on 
the size of the wheel. 

The bull, which is of course very limber, is kept in shape by a system 
of chains and braces which distribute the weights of the heavy portions, 
machinery, &c., to those parts which are more lightly loaded. The dis- 
tribution of cargo does the rest. They have also a bulkhead, generally 
solid, which extends from end to end of the boat. In framing and plank- 
ing, the bow is made the heaviest on account of snags, sand-bars, &c., 
and the shocks of landing head on. The thickness of plank diminishes 
up the sides and towards the stern, and also the siding or spacing of the 
frames—frequently both. Oak is almost always used for frames and. 
bottom, and side planking—deck of pine. 

The size and spacing of frames, as well as the thickness of planking, 
and the amount and number of inside fastenings, depends entirely on the 
character of boat required. If owners intend to insure, however, they 
have to conform to the reqyirements of the underwriter’s inspectors. 
Their rules however are quite arbitrary, and vary with character of the 
stream for which the boat is built. 

The amount of freight to be carried, and the allowable size of boat 
being given, however, it is merely a question of calculation of allowable 
weights for the hull and machinery. 

The absolute size of frames used varies from about 4; x 6 inches to 
2 x 4 inches, and the spacing is from 12 to 24 enee between cee: 
the wide spacing being for the light frames. 

The bottom being flat, the floor is got out in one piece in the straight 
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body, and also the deck beam. The two side timbers are joined to the 
floor by a triangular futtock. Where the modelled frames come in, they are 
got out in as few pieces as possible, the joints being strengthened by half 
floors and futtocks. ) 

Both deck, bottom, and sides are stiffened and tied by keelsons and 
clamps, which are bolted throngh frames and planking. One keelson rnns . 
through the centre, and forms the foundation of the bulkhead: another 
on each side ties in the angle of the floor and side timber. The clamps 
(one or two strakes) lie against the side timbers under the deck beams. 
Between these, so called binding strakes run along the floors and side 
timbers. They are usually about four feet apart. The outriggers for the 
guard are of same size as the deck beams, and are cut through the hull, 
and fastened to them, running in far enough to get a good hold. The 
outer edge of the guard (where there is one) is framed stontly to resist 
shocks. Where wide, the guard is held up by chains passing over braces 
heeled over on main deck. 

The planking varies from 4 down to 14 inches, according to position, 
and style of boat: decking from 2} to 13 inches. 

The hold is used exclusively for stowing freight; the main deck is for 
freight also. On it is located all the machinery and the deck crew, and 
second class passengers are quartered there. Above this,—from 10 to 18 
feet, according to kind of cargo to be carried—is the boiler or saloon deck. 

This is built of light matched stuff 3-inch thick. On it is built a cabin 
for passengers, or sometimes, as in recent examples of freighters, a great 
cargo box for carrying freight. Above this again comes the hurricane 
deck, upon which another small cabin for the officers of the boat is built. 
This cabin is called the Texas. On top of it, and about amidships is the 
pilot house. In small boats, the Texas is often omitted, and the pilot 
house sits on the roof or hurricane deck. This deck is also very light—it 
is covered with canvas, which is painted and sanded, to prevent sparks 
from firing it. | 

They always arrange the upper deck so as to give from 20 to 30 feet 
of open forecastle. On this is located a steam capstan, while over the 
forward hatches a steam winch for freight hoisting is arranged. Bitts 
and Cavils are also on the forecastle, and derricks carrying the heavy 
spars used in shoving the boat off when aground. Heavy stanchions are 
heeled .on the guard, or main deck when there is no guard, and reach to 
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_ the boiler deck, From the head of these hang heavy fenders, These are 
to prevent one boat’s guard from riding over another’s, for it must be 
borne in mind that these boats are often loaded, when the channel depth 
will permit, till the water stands on their guards, ; 

For steering, a stern-wheel boat has a large balanced rudder amidships, 
and one or more common rudders on each side, their blades being coupled 
to the balanced rudder, which alone has a tiller. 

Large steering wheels from 8 to 16 feet in diameter are used, and wire 
rope for tiller rope. 

For machinery, non-condensing high pressure engines are the role. 
Two cylinders are always used: they are slightly inclined. Poppett valves 
worked by cams are invariably used. Long wooden connecting rods 
strapped with iron are used. The boilers are fed by a special pumping 
engine, the feed water passing first into heaters, where it is met and heat- 
ed by the exhaust steam. After leaving the heaters, the exhaust steam 
goes out into the air, or is used to force the draught in the chimneys. As 
the steam pipes are liable to be bent and twisted by the working of the 
boat, wrought-iron with copper bends is used. 

The boilers are invariably cylindrical, and externally fired. They carry 
from 2 to 6 flues, of size depending on the diameter of the boilers, which 
ranges from 3() to 44 mehes. 

Below the boilers are two mud drums, and above is a steam drum, 
These are cylindrical, horizontal, and attached to each boiler by wrought 
legs. The feed goes into the after mud drum, 

The chimneys (generally there are two) are as tall as possible. 

The furnaces are arranged to burn either wood or coal. 

The paddle shaft is of wrought-iron, with wrought cranks on each 
end, - | a 
From four to six cast-iron wheel flanges or centres receive the wooden 
arms of the wheel. 

As a general rule, Western engineers prefer a long narrow bucket with 
a moderate diameter of wheel. A light dip is preferred, and they run at 
from 16 to 24. revolutions, depending upon size of engines. | 

The boiler pressures used, run from 100 to 150 ths. depending on the 
size and thickness of shells, This matter is regulated by the, United _ 
States Inspectors. : 

Expansion is carried on to a moderate extent, The stomn follows from’ | 
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one-half to three-fourth stroke: on the compound engines, of course a 
higher grade is obtained. 

The expansion is done by a separate cam, which can be hooked on to 
the steam valve rock shaft. In handling, a separate rod connects the 
steam valves to the full stroke cam, which works the exhaust only when 
the cut-off is on. | 

This class of machinery is strong and light. Economy has been less 
consulted, as fuel along the river is cheap, and the mechanics have not the 
advantages of educated engineers to plan and direct their work. 


C. RB. S. 
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No. CLL 


GRAPHIC METHOD OF FINDING STRESSES IN LAT- 
TICE GIRDERS. 


[Vide Plate XVI.] 


By T. J. Dewar, Esq., dately District Engineer, G. I. P. Railway, 


Tue following is a simple graphic method of finding the stresses on any 
description of lattice girder. The Jate Professor Rankine wrote to me on 


the subject in 1865 as follows :— 

‘¢T am much obliged to you for your diagrams of the stresses in Warren 
Girders, which arc both interesting and useful, especially that for a tra- 
velling load, a case I do not recollect to have seen treated graphically 


39 


before......eeseee 
The first diagram is simply a polygon of forces, and it appears strange 
that so simple a solution of a problem about which @ great deal has been 
written, has not been published before.* 
The second diagram being drawn to the same scale (of tons per foot 
run) as the first, shows in a very distinct way the greater stress produced 
by a travelling load, than by a fixed load of the same unit per foot run, 


* Professor J. Clerk-Maxwell’s graphic method (which is the same as that used in the first dia- 
gram), was published in the * Philosophical Magazine,” April 1864, and a paper on thia subject was 
read before the British Association for the Advancement of Science in 1867, It has since been largely 
used by other authors ;—e. g., Mr. W. Cawthorne Unwin (Wrought-Iron Bridges and Roofs, 1869)}— 
Mr, BR. H. Bow (Economics of Conatruction in relation to framed Structures, 1873)—Captain Allan 
Cunningham, B.E., Professor of Mathematics, ,Thomason C. I College, (vide Roorkee Treatise on 
Civil Engineering, Section V., 1873,) &c. The socond method (diagram No, 2) appears to be novel 
in regard to the mode of fixing the points D, F, H, J, &c., of the parabolic curve, and is perhaps 
more simple and rapid in execution, than the graphic methods of representing stresses in trneses 
under moving loads, adopted by the authors above quoted,—-[' 
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and also clearly exhibits the amount of stress on the diagonals near the 
centre of the span, where they are subject both to tension and compression, 


lst Mutnop, 


Graphic Method of finding the Stresses in ang description of Lattice Girder, 
vide Figs. (la) and (16). 

On XX set of Fequal parts to represent the units of load at each apex 
of the half girder (cach units = 4th total load in the above example), anf 
draw horizontal lines through the divisions, Commencing at X, draw a 
zig~zag parallel to the respective diagonals on the elevation, touching 
these horizontal lines in succession, as in the diagram. 

The horizontal distances of the bottom angles of the zig-zag from XX 
represent the stresses on the successive divisions of the top or compression 
boom of the girder. The horizontal distances of the top angles from XX 
represent the successive tensions on the bottom tie. The diagonals re- 
present the stresses on the ties and struts of the web. 

(For example, the stress on FH on the elevation, is represented by the 
horizontal distance from XX of the apex between F and H in the diagram). 

A few additional examples of the diagrams for a fixed load are given 
in Figs. 3a, 86; 4a, 4b; 5a, 5d. 

2nD Merton. 
Maximum Stress on each diagonal from a Partial or Travelling Load 
uniformly distributed, vide Fig. 2. 


Draw AB as before, supposing the whole girder loaded, and AY at any 
angle. To any scale, set out A, 1 = 1; 1,2 = 2;2,3=38; 8,4=4; 
&c., ending at 7, 8 =: 8, equals the number of loaded apices in the girder. 
Join 8, B, and draw lines parallel to it, through 7, 6, 5, &c., cutting AB 
in u, v, w, &c. Through these points draw horizontal lines, and a zig-zag 
parallel to the elevation, touching each in succession as before. | 

The diagonals will represent the greatest stress from a travelling load. 
Beyond the centre J, they represent the greatest compression on what 
would be a tie if the load were fixed, and tension on what would be a strut, 


In a large bridge, the results of the two preceding methods should be 
added for the fixed and moving parts of the load. 


T. J. D. 
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CO ae tan ON a te th 


SUTLEJ RIVER-TRAINING WORKS AT ADAMWAHAN. 
[ Vide Plates XVII, XVII. and XIX.] 


Report by H. C. Granam, Esq., Exec. Engineer, on the training works, 
Sutle} River Conservancy Sub-Division, for the inundation season of 


1874. 
Dated 9th November, 1874. 


Tae position of the main and side channels of the river, near Adam- 
wahan, at the beginning of the cold season of 1873-74, is fully shown en 
the Survey Map. It will be observed that, besides the main river, there 
are two principal side channels, one on each side of the main stream : 
that, on the right bank extending from Goodpoora to Adamwahan, while 
that on the left extends from beyond the limits of the survey, to about 
half a mile above the site of the Sutle} Bridge. 

The principal protective works proposed for the past season were, for 
the right bank, spurs D, H, I and Ks, and for the left, spurs A, B, G, F, C, 
E and L, besides, of course, smaller local works which had to be decided 
upon from time to time, and for which no general design could be prepared. 

The spurs just mentioned were intended to silt up the side channels 
and close them ; thus confining the Sutlej to its main channel, straighten- 
ing its general course for some miles above the bridge, and bringing the 
current down upon the latter in a normal direction. 

On taking charge of this Division in June last, I found the river in 
flood, filling both main and side channels. The general direction of the 
strongest current was from above Dardwalla, on the right bank, to the 
left bank opposite new Meaneo, thence back to the right bank near Leiha- 
wan. From this it flowed with » very strong current along the right 
bank, to nearly the 24-mile beacon, that is, to about the end of spur K 
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produced ; then it crossed towards the left bank, which it reached at the 
lower end of the side channel, in which spur L is placed, and nearly half 
a mile above the bridge site. The current ran along this bank for more 
than three-fourths of a mile, and then turned sharply towards the right 
bank, which it struck above the village of Bhinda. 

At that time, spur D was partly finished, and a small tree spur extend- 
ed from the right bank to No. 4 trial well. 

The other spurs were put in hand as rapidly as possible wherever there” 
was water enough for them to act. 

A short description of the spurs may here be given. It was intended 
to adopt Colonel Brownlow’s system as far as possible, to imitate the 
growth of weeds, to obstruct the current without suddenly deflecting it, 
and thus to silt up the side channels. To effect this, it was necessary to 
provide the weed itself, with means of anchoring it, and of keeping the 
upper end from sinking through being water-logged. This was done in 
the following manner :—The weed consisted of a strong rope or hawser of 
moonj, generally 8 inches in girth, and of a length varying with the depth 
of water and strength of current up to 90 feet, with from two to ten 
bushes or small trees lashed to it by their butts, the largest bushes being 
placed lowest. The hawser was made fast to an anchor formed of a net- 
ting from 6 to 2 feet square, of 2 to 24-inch moonj rope, with meshes from 
4 to 6 inches square; in this, loose bricks were built up as closely as possi- 
ble, from 16 to 65 cubic feet being used in each net. To keep the weed 
from sinking when the hawser and bushes became water-logged, one or two 
empty casks were lashed tu the upper cnd of the former. The casks, as 
a rule, remained perfectly tight, but as a precaution, they were wetted 
daily, where it could be done without much expense. 

Besides the above, fixed brushwood spurs and net spurs were also 
used. The former were simply constructed of bushes and trees laid with 
their butts up-stream, and kept in place by some of the anchors above 
described, to which they were made fast; as the bushes settled down, 
others were piled over them. The net spurs were made of netting similar 
to that above-mentioned, in lengths of 100 feet by from 6 to 20 feet 
wide, several being sometimes joined together. A hawser was passed 
through the lower meshes fur the whole length of the net, and another 
through the upper ones; to the former anchors of the kind already describ- 
ed were made fast, and to the latter casks. 
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Tho only spur which was laid entirely npon Colonel Brownlow’s system 
was D; all of the others were of a mixed description ; Colonel Brownlow’s 
weeds being used wherever the water was deep enough to float a cask 
with the hawser and bushes attached to it, which required at least 6 feet 
depth. The other parts were partly fixed brnshwood spurs in shallow 
water, and in a few places net spurs; the latter were, however, generally 
used to strengthen the other works, and were generally placed further 
up-stream than the others. 

A short account of the smaller defence works which were found neces- 
sary during the inundation may now be given. Towards the end of July, 
the main current began to work over higher up on the right bank be- 
tween the bridge site and the village of Bhinda, about a mile below Adam- 
wahan. The inundation of 1873 had left here a very deep channel close 
to the bank; in July last, the depth varied up to 26 feet; 20 and 22 feet 
being commonly met with. On the opposite side of the river the water 
was quite shallow, and a large shoal extended fully half way across the 
river; this reflected the current towards the right bauk, and the point 
where the current struck the bank appeared to be moving higher up- 
stream, as just stated. 

It appeared necessary to stop this, otherwise a repetition of the cold- 
weather channel of October 1873 might be expected in October 1874, A 
glance at the plan will show that this was to be avoided, if possible. In 
order to prevent this, a number of the Brownlow weeds were placed in 
the river,in about 8 feet of water, and about 200 yards from the right 
bank, extending in three lines parallel to the shore. At the same time 
& net spur was placed in the river, so as to deflect part of the current, and 
throw it upon the shoal opposite. The effect of these was almost all that 
could be wished; the net spur was unfortunately carried away by the 
strong current, after doing some good; but the weeds stood well, and 
drove the current outwards beyond the present right bank ; they so effec- 
tually shut off from the current the space between them and the former 
right bank, that by the end of the season the deep channel from Adam- 
wahan to below LBhinda became silted up, and has now water in it at 
intervals only, and there only a foot or two in depth. In August the Hood 
of the 12th formed a channel almost identical with that of last cold sea- 
son, extending from No, 1 trial well to the right bank. Iam strongly. 
of opinion that the main channel would have gone over entirely to the 
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right bank below the bridge site, if the deep water there and lower down 
had existed at the time, that is, if the deep channel had not been greatly 
silted up by the weeds just referred to. As it was, we had great difficulty 
in keeping the main current outside No. 1 trial well; a net spur, 300 feet 
long and 10 feet wide, with 60 casks, and as many anchors of 50 cubic 
feet each, was put in above the well, and stood for about a fortnight, 
when the whole was carried away by the current. Jt had, however, done 
its work ; the side channel had greatly silted up, and the danger was ovey 
for the time. 

The other smaller works were principally near Goodpoora, and for about 
a mile above Adamwahan. On the 24th August the river was in flood, 
and threw up a sand bank opposite Goodpoora, deflecting the main cur- 
ront directly upon the right bank above that village, cutting the bank 
away rapidly, and making it evident that, unless proper means were 
adopted at once, the comparatively straight channel of the main river 
then existing from Goodpoora to below Adamwahan would be destroyed, 
and an unknown number of bends in the cold-weather channel would be 
the result. 

It unfortunately happened, that on the 31st August all the unskilled 
labourers employed in the Division struck work, and materials conse- 
quently ran short. What could be done with the means at hand was done 
as rapidly as possible, but the channel still remains close to the right bank 
just above Goodpoora. Had this been all, it would have been of little 
consequence; but the current striking on the bank at Goodpoora was, of 
course deflected, to the left bank at spur L; rebounding from this, it 
struck the right bank at, anda little above, Adamwahan. At this time the 
bank here nearly coincided with the north edge of the intended cold- 
weather channel as marked by a dotted black line on the plan of last cold 
season’s survey. The current striking this rapidly, cut it away; and in 
order to prevent the whole of it being washed away, it was necessary to 
line the edge with fascines, and to lay short weed spurs at intervals along 
the bank at Adamwahan for ncarly two miles. Materials not heing ready 
at Goodpoora, and near spur L in sufficient quantities, it was necessary to 
confine to the bank near Adamwahan our efforts to prevent farther ero- 
sion. I need hardly say that this is not the proper method to follow in 
general ; in this instance it was a matter of necessity. From 5th to 25th 
September, every effort was made to defend the bank, and to throw the 
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current further out into the stream, and with success. A large quantity 
of materials was used in this werk, 575 weeds having been laid down. 

The effect of the principal spurs D, H, 1 and K on the Tight bank, 
and of A, B, G, F, C, E and L on the left, has been satisfactory, the 
two side channels having almost entirely silted up. That on the right 
bank is completely closed at the head by spur, D, and between that and 
spur H, there are only a few pools of water of small size in the side 
channel; between spurs H and I there is only one small pool; from that 
to Adamwahan it is quite dry. At the latter place there is some water 
still, about 4 feet deep; last year it was 13 feet. On the left bank the 
effect is also decided, the channel has silted up greatly, and there is no 
continuous stretch of water in it, and at the lower end, the great bend from 
which the Norungah Canal drew its supply of water during last cold sea- 
son is now dry, and the Bhawulpoor State Authcrities have been obliged 
to continue the canal across the former side channel, and to draw their 
supply from the main river between spurs E and L. For the same rea- 
son, the Khan Wah which formerly tapped this channel, has been lengthen- 
ed, so as derive its cold weather supply from the main river at spur F. 

The present state of the river will be fully shown when the survey now 
in progress has been plotted; in the meantime, I may state roughly that 
the general direction of the current is as follows :*—It is nearly in the same 
place as last cold weather at the month of the channel, in which spur A 
is placed; from that it strikes towards the mouth of the Dhund, immedi- 
ately above Goodpoora; thence it bends gradually towards the left bank 
near spur E produced; thence towards the right bank, near the place 
where the 24 mile beacon stood, or a little below spur K produced. From 
this it runs in a direction almost exactly normal with the intended bridge 
for nearly four miles, half of this distance being above, and half below bridge, 
the channel at the crossing being nearer the right than the left bank. The 
sites of both abutments, and of four piers on the north, and seven’on the 
south of the existing cold-weather channel, are high and dry. 

The expenditure up to Ist instant since the beginning of March 1874, 
has been Rs. 80,546, of which Rs. 24,176 had been expended before 
I took over charge of the Division ; leaving Rs. 56,870 as expended dur- 
ing the last inundation. The sum of Rs. 80,546 represents the cost of 
(16,819 lineal feet of spurs of all kinds, including every expense connected 


* Vide Plate XVIT.: present state of river being marked pink. 
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a with them, except Departmental supervision; and fs equal to Rs. 4-8-2 
per foot ran. The different descriptions of spur cost almost exactly the 
-* game sum per lineal foot; the weeds being, if anything, more expensive than 
+, the others, and the brushwood spurs being the cheapest of all. This com- 
-. parative cheapness is, however, more apparent than real, as the brushwood 
-. gpurs were used in the shallowest water. With similar depths, the cost 
may be taken as the same thronghout. 
I have reason to believe that the above rate may be reduced in future , 

_ work by using more material in the first instance, and avoiding the heavy 
' expenses incurred for repairs. 


Note by Lrnvr.-Cor, F. W. Pee, R.E., Engineer-in-Chief, Indus 

Valley (State) Railway. 

The conservancy operations of the past season have, I am glad to gay, 
proved very successful, 

The position to which the channel has been driven in the neighbour- 
hood of the bridge site, is as favourable as could be desired ; instead of 
having water under the Adamwahan bank of various depths up to 22 feet, 
we have now a dry sand bank, and the deep dhund forming an elbow on 
the Bhawulpore side, from which the Norungah Wah was supplied Inst 
year, has also been silted up. 

Tho river runs in a very straight reach for four miles, the bridge occupy- 
ing the centre, and it is confined at the bridge site to a single channel, 
nearly at the centre of the bridge. 

All the side channels which caused so much apprehension in the bays 
on either bank below Shahki Busti and Goodpoora have been closed. 

I consider the results of this season’s operations are very encouraging, 
and afford good grounds for the hope that the oscillations of the river 
may be restrained with some degree of certainty between fixed limits; but 
I am still of opinion that a considerable expense must be incurred in some 
more permanent and solid constructions near the bridge, which may serve 
to give some security to the approaches, especially on the Bhawulpore 
side, in case of the failure of the temporary obstractionr. 

The great distance of the bridge head from the main bank, (14 miles,) 
will cause any work undertaken on the Bhawulpore side to bacostly. 

J am glad to be able to report that “ Brownlow weeds” as we now call 
them, have proved very effective. 
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Note by Linvt.-Cov. E. C. 8. Wirutams, R.E., Director of (State) 
Railways. 


These operations have been eminently successful so far. 

On the plan, which is herewith returned, ia marked what is consider- 
ed necessary in order that the training works may be ia the best possi- 
ble condition to meet the floods of the coming season. The spar M, 
whose position on the plan has been slightly altered, should be considered 
as the head-work of the operations on the left bank of the river. I¢ is 
perhaps unnecessary to carry out the whole of this spur at once, but the 
portion which crosses the channel between a and 8, should be carried out 
before next flood, and the remainder which is shown dotted, must be car- 
ried out hereafter, shonld the channel, at present closed by the spur A, 
show signs of re-opening. Lower down the spur F, slightly altered on 
the plan, should be carried out before the next rains, and possibly also 
other spurs either at D' or else at D’, or perhaps at both places will be 
found necessary. 

It is possible that the next floods may bafile all measures to train the 
river, and unforeseen operations may have to be undertaken, but I trust 
that by the provision of the above-mentioned spurs, you will be found 
fully prepared. 

The success of last season’s operations depended mainly on the exertions 
of Mr. Graham, in collecting the necessary material, and applying it under 
circumstances of much difficulty. 
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DEPTH OF WELL-FOUNDATIONS. 





_ By Cart. Atnan Coxsinesam, R.E., Hony. Fell. of King's College, Lond. 


[The notation here used is mostly the same as in Rankine’s Manuals of Applied 
_ Mechanics and Civil Engineering. References are given to these and to the Anthor’s 
Pamphiet* on Woll-Foundations). 

1. The present Paper is an investigation of the necessary depth of 
Well-Foundations with vertical sides in yielding soil, suficient only to 
prevent subsidence. 

{The question of the depth necessary to secure STABILITY OF ROTATION when 
exposed to high wind, current-pressure, and other horizontal forces is here noglected, 
a separates Problem which has been already fully considered in the Author's 
Pamphlet on Weill-Foundations. The question of Stability of Rotation is believed 
to be the more important of the two]. 


2. 6 seems obvions that the sole Surronrise Forces which pravent 

_ subsidence of a Well-Foundation with vertical sides are—~ 

1°, Vertical upward Re-action (R) of the subsoil against the base,— 
ivoluding in this of course fluid-pressure, if water has access to 
the base (as in a pervious subsoil). 

2" ‘Vertical Friction (I) of the subsoil against the masonry. 

Ts is clear that if— 

8 =: Maximam vertical Re-action developable in eubsail againgt base 


of ore Weil. ‘ 
¥ a: Maximum vertical Friction developable in subsoil against sides 
of cue Well. 


* Wo. LEME. of " Professional Papers on Indian Engineering,” Second Heries. 
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W= - Weight of one Well with its Supsretractare and Live Load, ; 
then the Well must sink so long as Roy F<: W, and will sink no” 
further when R + F = or > W, and that if RB, F, W- pie 
in terms of the depth, then the solution of the 7 | 7 9 

R+ R= W,- se saeneed convecue’ ondecsis (2), | 
“will give the value of the least necessary depth, “ caana actual subsi- 
dence, and on the other hand for a given depth the ratio | 
- (R + F) + W = Factor of Safety .. ase - (1a), | 
or shows the excess of the Supporting Forces over the Weight of Well 
and Superstructure. 

8. Internal Subsoil-pressure—The internal subsoil-pressure at any. | 
depth « below the bed is the sum of the pressures due to three causes, 

1°, Atmospheric pressure. 

2°. Pressure due to depth of water in stream. 

8°, Internal pressure in the subsoil due to its own weight. 
The first of these may be neglected for all practical purposes, and it is 
wise to neglect the second also, as though increased depth of water. un- 
doubtedly increases the subsoil internal pressure ceteris paribus in pro-_ 
pottion to the depth of water, still this increase cannot be depended on, 
and it is more than probable that certain physical causes, such as increased 
permeation of the soil, tend (with increased head of water) to loosen the 
coherence of a pervious subsoil—which is the case in hand—and pro tanto 
diminish its power of resisting pressure, and of yielding friction. 

It will, therefore, be assumed that the internal subsoil ‘pressure is that 
due to the third cause, i. ¢., to its own weight only. In order-to obtsin a 
definite solution moreover it will be supposed that the subsoil ts homoge- 
neous, and that the level of the bed is maintained uniform, and that the 
quality of the subsoil is invariable, that is to say, that its power of resist- 
ing pressure and yielding friction are unaffected by any change in the 
depth of water. * 

These limitations make the quantities ¢, 1, w, which © express the physi- | 
eal properties of the subsoil in the following investigation constant. |. | 

(Limits of applicability —The above limitations must be carefully stteniied to, 


as unless they are approximately fulfilled, the formule ites an these. —— 
are of offiive inapplicable}. - ee 7 


4 Let A = ares of base of Well in ag. ft, a 
_C = circumference of Well in ft,, 
_w' sz heaviness of masonry in lbs. perc. fl, 
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“lad = depth of base of Well below. surface of éoil in we 
ow. ‘ie weight. of taasonry of one Well above surface of soil, 
timee' 4.2% 3 ith weight of superstructare and Live aaa ini lbs.” 
Then, dase the Well has vertical sides— | 
“-.. dad == volume of masonry below surface of soil & inc. Pes ee 
w’Ad-<= weight of masonry below surface of soil is lbs, —: 
Cd == surface of masonry in contact with soil in sq. jt., os 
we We Wt WAG, srrenceressccrenees coesccsencceers socssetenssscseaes (QF. 
‘Let ¢ = angle of repose of sub-soil, ore 
| pp oz co-efficient of friction between sub-soil and masonry, 
- w se heaviness of sub-soil in lbs. per c. ft., 
 g sm any depth below surface of soil in /t., 


‘[NV.B.—It is intended that ¢, », w should be quantities expressing the physical 
sroperties of the actual material of the sub-soil, in its actual state of physical aggre- 
zation, 4. #., including in the term ‘sub-soil’ ul? the constituents whether solid or 
liquid}. 

| Then by Rankine’s Applied Mechanics, Art. 199, 


1 L+ sing _. maximum sub-soil horizontal Dressure-inteasity 
i— sin sing at depth aX. 


maximum sub-soil normal pressure upon the 
saa masonry at depth 2. 


14sing | maximum vertical friction-intensity between 
I —aing =| masonry and sub-soil at depth a. 


‘Thus the maximum vertical friction-intensity pli sae at any depth 
(2) varies as the depth, or is a ‘ uniformly-varying’ stress. 
Hence by the known laws of such stress,— 


_,Mesn intensity of max. cai} 
jot} 





5 pwe 


intensity of the same at. 
depth d, 


a! 


__ tical friction over a vertical 
‘plane of depth d, 


=} ne 1 + Bin ¢ 

at Be” T= sin $ 

nee ‘Total Vertical Friction igh oe d. ; +sing oy 

! | ‘wides.of Well of depth d, — sng” - 
a rryoae oe ~ ne F = 4 wT 1 + sin ¢ tt. Ca’, PSTOSCA HOURS Hon THREE EOO oo 
"Blo by Renkine’s Applied Mechanics, Art. 199, a ah 
1 + ain $)"_. max. subsoil wertioat pee: pressure 
oS ee wd (rans — Bin. T= ain ¢/ intensity at. depth Mo. 

he's Vertical Re-action of oil tiny 
a * , = bd : #008 
seeing base; - i a Oh or B = ved a(t - at): ss a 
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‘Tt is interesting to remark that R varies as the aepth, ud? that: r : 
waries as the square of the depth, so that F incréases much more: rapidly’. 
with the depth than BR; also that in very yielding’ soils for which - js of 
course small, j= is not much > 1, so that if the depth (d)is lange, 


ag.is necessarily the case with elendar Wells, F is a much largor quantity. i. } 
thea RB, which proves what is already practically known, (eee Art. 18 of 


Paper LX XXIII. on Well-Foundations,) that— 


“The Vertical Friction is the principal Supporting Force in case of wenee Well- a 


Foundations in waterlogged sand ”. 


Hence substituting from (2), (8), (4) into (1), the resulting sain ; 


for finding d proves to be an ordinary quadratic 
| 1 + sing 1 + sin ¢ | 
bw pet Cd + ww, (tet) Ad = w + wi, Ad, «.. (3). 


—sin¢ 


Writing i= k’, MOOK saoHGTHEoRee CECHOEHOS (6). 
2° Ww 


e4+-(7-¢. )ge=S. er Boren Ke 


the general equation from which d is to be found. 


Case of cylindric Well.—If the submerged portion of the Well be P | 


cylinder, of radius r (in feet), then A == xr’, C = 2xr, and Eq. (7) 
becomes— : 


i » wl _ * WwW 
d* + is (;- k’. rd = pr * wr? POPHUHoesegns (7a)... | 


6. Case of ‘Quicksand.—This is by far the most important case in 


practioo—being that of many large Indian rivers. Adopting the conclu-. 


sion (v. supra) that R is a very small quantity compared with F, and may. 


as an aEptosuosieo be neglected, the fundamental equation (1) becomes 


: KF= W, OR ORO OEE R DE OHE sresanasesenneninscnsG8), 

and , (), (74) become —- oe. 
on ok wi A, 2h Ww | eadqapatd 
‘General case. — a” ° a?@ ones pr rk eae pares seessee(9)e 


Cylindric Well. a. nares ag a od cpl ovecconsveccstoensiaeete wni(94). . 


pro’ er 


. ~~ 


Observe that the error mt in the value of d eeeueng from Ea. (9); (4), 


due to neglecting R, is on the side of safety. 


| [W.B-—Tho value of d reslting from Bq, (1), (TA), (9) (0A), i ot couse thy very 
east depth under all the hypotheses at which the Well would: just conse to sink=-in_ 
|. face it might be said to be ee at this depth, ite a Wei being theiz Jost b balanced. 





Z “by. the aoa of the soil]. 


 pétring.' The-vabow te 100 Be, per o, tt., also seams very large for quicksand, — 
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: lalla of the data.—The values of the. physical quantities 
7 me mn w are (in the author's opinion) not.at present enfficiently well 
_ kerown for the partite: amaterial-—waterlogged sand—to admit of the 
: Results hera investigated being satisfactorily applied to this case. ‘Iti is 
supposed there could be no difficulty in determining w (the weight per 
~ eubio foot of the actual subsoil) by actual trial, but the determination | 
of @ and » could only be done indirectly, and would be a matter of consi ! 
derable difficulty. Be 
7. Ewample.—In the Kali Nadd{ Viaduct, a Weight of 414-4 tons rests on ‘each 
_ Well above level of bed; the wells are 12’ cylinders; the subsoil is said* (by the 
Resident Engineers) to be of such a nature that 
7 - § a 15°, wp = §, w == 100 Bs. perc. ft. 
Bind least depth (d) necessary to prevent — subsidence. 


: 1 Oe)... ee ‘ : F 
Solution. Here &' == Ts aap . B88, 7 => 1:7 (Rankine’s Applied Mechanica, 


Art, 901), 228, r =: 6',0' == 120 ths, perc. ft., W = 4144 x 2240 ths. 
Hence Eq. (74) becomes 


120 8 x .688 414-4 x 2240 
LAL ELT E EI 





48x (17 — 588 x | i50) * ¢ = 100 X “BS 
= x 6 
whence d® - 18d == 868°, nearly. ce 
fod on — OE HES + 81 = — 8 AMT = — 8 08 
*. d = 21'8, nearly. 


{™. B—This is the very least depth at which under all the hypotheses the Well 
would just cease to sinh—in fact it might be said to be floating at this depth, its 
weight being just balanced by the Supporting Forces]. 


8. Determination of the constants » and y.—The values of these quan- 
. tities might be determined by experiment, by simply recording a sufficient 
number of observations during the progress of sinking a Well as followa:—— 
It is known that in many cases in the progress of sinking, the subsoil 
_ ‘is completely removed from underneath the base of the Well, at which 
time the Vertical Re-action (R) of the subsoil can only be the hydrostatic 
presaure due to the head of water within the well. And supposing the 
Wall to have vertical sides both saa Lh and _— and i in addition 
“ to  emoee notation, i . 
: Lest. = Area of hollow.at base of Well in square feet, 
| wis = heaviness of water == OF Ibs. per cubic foot, 


eee ‘Hintas ip eteias seonta 1 doubetel tt ‘wining = pus aswel ae 
_ ‘nto apparently. the figures for‘ matonry th contact with moist clay of sl aaah @ 


whos 
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a" = head of water inside* Well above the base. 
Then Ros w" (A — 8) a", ccsessecssesscssensecessessnseoesseons (10). 
W se W + to! (A — B) dy coccscscocenroeterceosescneesosseoes (LD) 
Then in general during the progress of sinking, so long as subsidence 
iq not taking place, R +- F < W, but in the state just before actual sub- 


idence occurs, 
R+F= W, 
whence, $ pw. eat Cd? + w". ae aN: 
4 


- 1 + sin ¢ =r W — w" (A ~ a) da" 
tL... oe serve?) 


‘Tsing wCd? 
9 Wt (w'd — wd") (A — 9) 
wCd* 

in which equation w, w’, w’, C, A, & are all constant, and are known quan- 

tities, and w, @", d are quantities whivh vary during the progress of sink- 

ing, and are the quantities to be observed, whilst pu, ¢ are the quantities 
sought. 

It may be objected to the calculation here proposed that there is only 

one equation (10) to determine two quantities pz, ¢ The Result of calcu- 

lation from Eq. (10) will of course give only the value of the quantity 





it (not of either py, or ¢ separately,) whereas the use of the 


general equation (7) or (74) above, requires a knowledge of both p and ¢. 
It must be observed however, that the quantity found (, . tet 


= £) from Eq. (10), is sufficient for the determination of the Total 


Vertical Friction (F) by Eq. (8), and that in the very case of most prac- 
tical importance—that of Well-Fonndations in quicksand—this has been 
explained above (Art. 4, 5) to be by far the most important element of 
vertical Re-action, and is all that is wanted for solution of the special 
equations (9) or (94) for quicksand, so that the application of thie Method 
though insufficient in general (i. ¢., for any soil) would be of great import- 
ance for quicksand. 

If a sufficient number of observations were obtained of the quantities 


® This je not necessarily the same as the head opteide the Weill. 
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w, ad’ corresponding to different ee (4), the correctness of the Theory | 
could also. be tested. | 

9. Practical Remark.—(Great care would be necesuary to use only such 
observations of w, @”, d as were really suitable for the. object. intended. 
It-is absulutely necessary (Art. 7 and 8) that— 


1°, There should be no subsoil below the base of the Well at time of oheersation, 

2°, The observations be recorded just at the time that actual subsidence is begin- 
ning. ° 

3°. The quality and state of aggregation (Art. 8) of the subsoil at Well-base be 
also simultaneously recorded. 

4°, The mean devel of actual bed of the stream near the masonry be also simulta- 
neously recorded. 


Unless these precautions be carefully attended to, the resulting values 
of pw + k' (for the same soil of course) would be so discordant, as to be ob- 
viously inaccurate, and it would be hopeless to attempt to reconcile them. 

But it seems probable (to the author) that the observations do not 
admit of accurate determination, in consequence of the difficulty of ascer- 
taining whether the necessary conditions (Art. 3, and 1°, 2° above) were 
approximately fulfilled, so that some discordance must be expected in 
the results,—as is always the case in the determination of all physical 
constants, and it would probably be a tedious work to reconcile them. 


10. Importance of the result—The importance of the result aimed at 
seems however to make it advisable to attempt to determine this quantity 
(an — k’) for waterlogged sand, such as is common in Indian rivers, If this 
constant were known, the Problem of Staniuity or Rotation of Well- 
Foundations treated of in the author’s Paper, No. LX XXIII. of these 
Professional Papers, could also be completely solved, so that the solution 
of the Problem of necessary Depth of Well-Foundations in quicksand in 
all its aspects could then be effected with some chance of approximation, 


ADDENDUM TO ABOVE PAPER. 


With the view of testing the Theory advanced above in the interest of Engineering | 
Science, and of determining the value of y -+ k'—as to the importance of which see | 
Art. 9—for given soils (especially quicksand), the author will be glad to receive: 

‘from such Engineers ag are in a position to supply them, detailed records of obserya~. 
tions of the quantities (w, 2°, d) indicated in Art. 7, such as could easily. be recarded 

during the progress of sinking Wells, and which could probably be obtained from the | 
existing records of the progress of sinking of Wells already sunk,” Particular attonr ; 
tion ie requested to the Remark in para. 9. | 

It ia requested that the recotds of observation be made out i in following form, 


WOle IV.——SECOND SERIES.. T 
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RECORD OF PROGRESS OF SINKING WELL-~FOUNDATION NO.—aT- 


1°, Material of Well.—(Brick in cement, or mortar, &c., Cast-iron, &c.) 

2°, Heaviness of ditto,—in lbs, perc. ft. = w’, 

8°. Nature of Weil-Surface.—(Rough brick, smooth brick, &c.) 

4°, Nature of subsoil near bed—(Quicksand, Virm wet sand, Dry sand, 

(Argillaceous sand, Wet clay, &c., &c.,) 

5°, Heaviness of ditto,—in lbs. per c. ft. <= 2. 

6°. Area of plan of Well,—in sq. ft. = A. 

7°. Area of hollow heart of ditto,—in sq. ft. = a 

A horizontal section, and a vertical (diametral) section of Well—both drawn to 
scale—should accompany. The two quantities , w' should be determined by 
actually weighing a cubic foot or more of the masonry, and of the subsoil; (the 
latter being as nearly as possible in its natural state, including natural absorbed 
water). 

In the accompanying Table, the quantities H, d', d@", w,, W,, should be written 
from actual observation: they should all be the values just before subsidence : it 
would be no use recording them during subsidence. 

The column headed w need not'be filled in, unless the subsoil can be brought up 
in a tolerably natural state, ¢. g., it would be of no use entering the weight of a cubic 


foot of “slush 7’. 


RECORD OF PROGRESS OF SINKING WELL-FOUNDATION NO.—aAT 


Remarks. 





"43 9 sad 
"equ uy 8 
S8oulAvef] 


Sussoit aT WELL-BASE. 
Description. | 


“goUuspls 
~Qne 30 19)9818T]) 
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Total, 
Ww 


Well., 
ww 





WEIGHTS IN LBS. 
Super- 
struc- 
ture, 
w 





Load, 
Wy 





Depth of 
water in 
Well, 

a’ 





VALVES JUST BEFORE SUBSIDEKCE, 


Depth of 
Well-base 
velow 
mean Bed, 
d. 





Height 
of Well, 
H. 
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No. CLIV. 


DUFF’S KITCHENER FOR BRITISH TROOPS. 
{ Vide Plates XX., XXIJ. and XXL] 


By Carr, J. L. L. Mozant, R.E., Assoc. Inst. C. #., and ¥F.R.G.S. 


THis Kitchener was invented hy the late Doctor C. M. Duff, m.n., of 
the Madras Medical Service, so long ago as 1857, but it does not seem 
to have received the attention it deserves. Three have recently been 
erected in the European barracks at Wellington on the Neilgherries, 
and have worked for two years very satisfactorily. They replaced the 
generally used open arched fireplaces, in which the food was not at all 
well cooked, was often smoked and dirty, and the heat and mess in the 
kitchen great. | 
A Duffs Kitchener aims at cooking for large numbers with a single 
closed fire, and at combining economy of fuel with simplicity of manage- 
ment, easy control, and external coolness. On the whole it fulfills these 
conditions. For example, the Wellington Ranges consume only two- 
thirds of the firewood used before they were erected. This reduction 
might with more care and supervision be still further lowered to one- 
half of the original consumption. They now use up two lbs. of green fire- 
wood per man per diem. The rooms in which they have been erected, 
although in some respects unsuitable and ill-ventilated, are seldom heated 
to such an extent as to make them unpleasant. The ranges generally 
feel cool at a short distance. The cookery they produce is clean, good, 
and effected rapidly. It is greatly preferred by the soldiers to that which 
they obtained from the former open fireplaces. These ranges boil, broil, 
_foast, stew, steam, supply bot water, and bake bread and pastry. 
The design of the Kitchener.—An irou band encircles the range, binding 
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the masonry together, and forming a sort of cope or edge which makes it 
‘very durable, Zhe Boiler.—Its bottom rests on brickwork, and three of 

its sides are bounded by it. The fourth and naked side is in direct con- 

tact with the fire in the grate. The lid which forms part of the cooking 

hearth should be provided with a handle, and be hinged on the side next 

the grate, so that at pleasure potatoes and other vegetables may be hoiled 

in it. Its hot water might at other times be conveyed by piping to some 

adjacent parts of the barracks for hot baths. Zhe cooking pans.—There 
are six. They are shown in the longitudinal section. They might all 

with advantage be provided with steamers for boiling vegetables, the lids 

being fitted with small saucepans, an illustration of which is afforded in 

Plaie XXI. copied from a catalogue of Gates, Haywood and Co. The 

covers of all the saucepans and other pots should be of tinned iron or 

block tin, doubled, with a vacuity between of one inch to prevent escape 

of heat. Zhe Oven.—Five out of six of the sides of the oven-box are 

brought mto direct contact with the heated air from the fire, and the flues 

surrounding the qven are encased in thick brickwork. The oven has two 

sliding shelves of open bar work, 9 inches apart, with a copper tray the size 
of the bottom for holding gravy. Large flat pie dishes of block tin should 

also be placed on the grated shelves, so that pies sufficient to feed some 

12 men may be haked. It will be observed that the oven-box has nu- 

merous dampers to regulate its temperature, and to vary the conditions 
under which the food placed in it is cooked. For example, the oven is 
‘turned into a roasting apparatus by opening the top and bottom valves 
in the two dours, to allow of the escape of steam, and the entrance of cold 
air, in order to produce a continuous current of hot air. 

The Erection of the Kitchener.—In building up these ranges, certain 
points need attention. Their efficiency greatly depends on their being 
properly fitted up. The bricks used in the outer casing should be hard 
and well burned. The inner casing should he formed of the very best 
firebricks, gauged in the levelled parts, and laid with close joints. So 
few are needed, that they might be procured from England. Soapstone 
will do as well. The exterior of all the brickwork should be carefully 
pointed, and it, and the whole kitchen should be periodically whitewashed.. 
No plaster should be used anywhere; it cracks with the heat, and gets 
knocked about by the cooks. The mortar should be composed of four parts 
by measure of clay, four parts of well burnt brick dust, and one part of quick 
lime. The mortar joints should be as thin as possible, All the iron 
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should be wrought: no cast-iron should be used anywhere; when. 
heated and cold liquids are splashed over it, it is very apt to crack, and 

heated cast-iron gives off a gas more or less hartful, according to the 
amonnt of heat the ironhas attained. The flue in the chimney shaft 

should be 12 x 12 inches, or 12 x 8 inches, or 9 x 9 inches, as most 
convenient, and every care should be taken that it is nowhere contracted, 
otherwise the strength of the draught will be reduced, and consequently 
the heating power of the range. The kitchener should be built in such 

a position in the room, that easy access may be had to every part of it. 
The kitchen should be well lighted, to allow of the food being properly 
looked into, and it should have plenty of ventilation. 

its daily service.—Al}l the ironwork should be daily rubbed very 
clean, and certain parts of it should be polished with " black-lead. 
The chimney and range flue should be frequently cleared of soot. 
The boiler should be periodically emptied and thoroughly cleansed. Water 
generally deposits, under the action of heat, a crust which soon prevents the 
proper circulation of the hot water, canses corrosion of the metal, and 
premature decay of the boiler with much waste of fuel. The firewood 
should be cut up into small pieces of short length, so as not to injure the 
somewhat contracted grate, and in order that the combustion of the fuel 
may be more perfect. The results obtained with these kitcheners are more 
satisfactory if a strict and intelligent supervision over the native cooks is 
exercised. The cooks are apt to cram the grate with an excessive quan- 
tity of firewood, and then to jam the door, forcing the wood up against the 
brickwork at the back of the furnace. ‘To please the soldiers, they cook a 
number of small separate dishes, one for each individual, and thus litter 
the cooking hearth with numberless extraneous pots and pans. They 
have been known to stop up the flue at the entrance to the oven, so as to 
obtain an unnecessarily greater heat on the eens hearth, and to place 
damp clothes in the oven to be dried ! : 

Count Rumford, who was the first to scientifically investigate the: prin - 
ciples of cookery, published, in 1799, his views on the subject. Subsequent 
experience has abundantly proved their correctness, although in practice 
generally they do not seem to be sufficiently attended to. The Duff's 
Kitchener in many respects approximates closely to the maxims laid down 
-by the Count. It is unlike them in the following particulars :— 
. 4. Duff's Kitchener performs all its functions with a single closed fire 


* Gervase Wheeler's “ Choice of a Dwalling,”’ 1872, page 223. 
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but Count Rumford insists that each boiler, kettle, and stewpan 
should have its own separate closed fireplace, with grate and 
ashpit, and channel to the chimney flue, with a closed register- 
ed door to each ashpit, and a damper to each smoke channel, in 
order to regulate the admission of air and consequent consump- 
tion of fuel. 

2. The hearth or cooking table of Duff's Kitchener is of iron instead 
of being of firebrick, as Count Rumford recommends. 

8. Count Rumford’s stewpans, &c., instead of being placed on the top 
of the hearth, as in Duff's Kitchener, are sunk in the cooking 

table and surrounded with brickwork, so as to be protected from 
direct contact with the cold atmospheric air.* 

Plate XXII. illustrates one of Count Rumford’s Kitcheners which 
was built for a nobleman of Munich, who entertained largely. It work- 
ed satisfactorily for many years. Although the principles which it em- 
bodies are doubtless correct, it may be questioned whether it is so ser- 
viceable as Duff's Kitchener in cooking for a large number of British 
Troops. Itis constructed on the principle of slow cooking, whereas Duff's 
range cooks rapidly. Its brickhearth would probably suffer from usage, 
and its sunken stewpans might be inconvenient to handle. It seems in 
short too elaborate for careless native cooks. 

It may perhaps be useful in conclusion to give the four following prin- 
ciples which Count Rumford lays down on the subject of cooking :— 

i. Meat may be boiled, or in other words dressed, in hot water, not 
exceeding 209° Fahr. 

ii, When the water is heated so as to throw off a great deal of steam, 
an immense quantity of heat is wasted without the meat being 
better dressed; and a great proportion of the finer and more 
rich and savoury particles of the food are also carried off at the 
same time, and lost. 

iii. The processes both of boiling and stewing are carried on to greater 
advautage when they proceed slowly, and at a low temperature, 
than when they are conducted rapidly, and at a high temperature. 

iy. These boilers or stewpans, of wrought-iron or copper, become 
sooner heated, are less injured by the fire, and last longer than 


thick boilers of cast-iron, &. | 
OoracaMunD, J. L. L. M. 
lst February, 1875. 


'® London’s * Farm and Village Architecture,” 1869, page 709, 
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No. CLV. 
BAHAWALPUR ARTIFICIAL HYDRAULIC CEMENT. 


Memorandum by Joun W. Barns, Esq., M. Inst., C.EZ., Superintendent 
of Canal Irrigation, Bahawalpur State. 


In the discussion now going on about the fitting kind of materials, &c., 
for mortar for different kinds of masonry works, there seems to be an 
absence of what I may term practical information on the subject derived 
from actual experience, as contrasted with with what one may call labora- 
tory experiments, which are often undertaken under circumstances where 
a degree of care is taken about every operation which in practice never 
occurs. 

The following description will serve as an interesting and really prac- 
tical illustration of the excellent quality of the masonry which can be 
built even under unfavorable circumstances, with artificial hydraulic cement 
made according to the method adopted at Kurrachee, and described both 
in the “ Professional Papers of Indian Engineering,” and in the “ Roorkee 
Treatise of Civil Engineering” (3rd Ed. of Vol. I, para. 87). It will 
however be noticed that in the building now described the mortar was 
composed of soorkee (instead of sand as at Kurrachee) mixed with the 
artificial lime cement. 

- In July 1868, a sluice was built at the head of a small canal of twelve 
feet bottom breadth: it was built in a great hurry, and fall head of water 
was admitted into the canal the day after the sluice had been finished. 

In the absence of bricks of a superior description, we were obliged to 
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use the small thin bricks (obtained from a neighbouring kiln) that had been 
burnt by a zemindar, and they were therefore of the roughest description 
to be found. 

The mortar used was composed of 1 part artificial hydraulic lime to 
2 parts soorkee by measure. The hurry with which the sluice was con- 
structed did not admit even of any choice being made of the bricks from 
which the soorkee was prepared, and we may infer that those bricks, from 
which the soorkee was prepared, were used which were the most easily 
pulverized. 

The artificial hydraulic lime was prepared according to the proportions 
used inthe Scind Public Works Department, viz., Sukkur stone lime slak- 
ed to powder, 54 parts to 1 part by measure of freshly dug potters’ clay, in 
fact just as described by Mr. Price, M. Inst. C.E., in No. CKLVL., of the 
Roorkee Professional Papers. 

The cement and soorkee were ordered to be ground fine under hand 
mill stones, (or chukkees as the natives term them,) but the work being 
under superintendence of a Native Revenue Officer of a Native State, this 
was imperfectly done, as we may suppose. 

The sluice in question has been in use for from eight to ten months every 
year since its first construction until now, when its demolition, for reasons 
not necessary to enter into, was ordered. 

Although the materials used were, as described, of the roughest, the 
mortar joints were much thicker than ever seen where well moulded bricks 
are used; but I cannot better describe the solidity of the structure than 
by quoting a report thereon made at the time:— : 

‘The structure is so solid that it is ogly by the aid of crowbars sn 
pickaxes that it can be pulled to pieces, and so great is the hardness and 
adhesive power of the artificial hydraulic cement used, that even with those 
tools scarcely a brick can be taken out whole, and under the action of the 
pickaxes the bricks do not part at the masonry joints, but are chipped off 
in small flakes. The English Contractor, Mr. John Robson, and his part- 
ner, happened to be passing when I was inspecting this work, and observing 
the small amount of work done by the coolies employed, suggested that the 
easiest and cheapest method of demolishing it would be to blow it up. 
I timed the work done bv the coolics per day, and found that it averaged 


eight cubic feet per man.” . 
J. W. B. 
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No. CLVI. 
CROSS SECTIONS FOR ESCAPE CHANNELS. 


Note on the Cross Sections suitable for Escape Channels to which only 
a moderate rate of fall can be given. By Cot. P. O'ConneLt, R.E., 
Offg. Chief Engineer, Irrigation Works, Punjab. 


My attention was drawn to the consideration of this question by observing 
the state of the Rer Escape of the Western Jumna Canal. The bed of 
this escape channel is obstructed by silt and tall grass, to such an extent 
as to be almost blocked up owing to the want of scour. The velocity 
and consequently the scouring power of the water in the channel is small 
owing to three causes :-— 

1st. The supply of water is intermittent instead of being, like that in 

the Western Jumna Canal itself, permanent. 
2nd. The rate of the fall of the bed is small, 
3rd. The cross section is broad and shallow, and the hydranlic mean 
depth is consequently small, even when the supply of a water 
is a maximum. 

The first of these causes will always exist, it being the duty of an escape 
channel to carry off a portion of (or an occasionally superabundant supply 
from) the Main Canal. The second cause can only be partly removed by 
choosing a better line for the escape. The third should in this, and in 
every other case, where a rapid rate of fall cannot be obtained, be, as far as 
possible, removed by giving the cross section of the water such’proportions 
of breadth and depth as shall make the velocity of discharge a maximum. 
It is the object of the following investigation to discover what these pro- 
portions are when the maximum discharge of the escape and ite rate of 
fall are known. 

If the side slopes be 1°5 to 1 (¢. Cs) a 

b == bed width in feet. 

== depth of water in feet. 
J == fall of channel in 5,000 feet in feet. 
A. = area of cross section in square feet, 
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R == hydraulic mean depth in feet. 

V == mean velocity in feet per second. 

D == the discharge in cubic feet per second. 
Then D = AV. 


A= (b + 3d)d 
Ree 


b+ 36060 
ae R f 
a/ 1°75 + *42665R 
Substituting for R its value as given above, we have— 





A Af ANS 
vx ee = 4 4 2106d 
42665A_ 
17d + Fy 3 e08e [175 + “43665 
K 
a/ Z + 2°106d 


— Jf eciaeaenae: 
I d \2 1 d 
J 175 (5 + 2106 £)" + 42665 (5 + 2106-2) 
An expression which is a maximum when the denominator of the frac- 
tion is a minimum, which it is when 5 + 2°106 £ is & minimum. This 
latter expression is a minimum when its first differential co-efficient-— 
1 e ] Se sietaigl 
WT + 2:106 x 7 es 0. 
That is when A = 2-106”. 


Substituting this value of A in the expressions for D and V already 
obtained, we have— 


Daa Ne 
7 "8533 


/ ‘a ad 
7 85338 Dp? 
w@= | saat sat? | 7 
D? 
ord? == { 1:5782 + -1923a } =. 
From this expression the depth of the cross section can easily be found 
when the values of D (the discharge) and of / (the fall of the bed in a 


length of 5,000 feet) are given. 
The value of A ig then found from the equation A = 2°106d?. 


The value of & is found from the equation 6 == 4. — $d, 
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No. CLVITI. 


EARTHWORK EXPERIMENTS ON THE SIRHIND 
CANAL. 
[ Vide Plates XXIIL to XXIX.}. 


Reports by Supdg. and Executive Engineers, Sirhind Canal, and Note 
by Chief Engineer, Punjab Irrigation Department. | 


a ile by J. D. Derry, Ese., Executive Engineer, 2nd Division, Sirhind 
Canal. 


Dated Khirri, 19th June, 1873. 
Experiment No.1. Barrow System.—The rates at which work 


has been done here by the coolie and basket, have ranged from Rs. 2-4 
per 1,000 for 3 feet depth and a lead of about 150 feet, to Rs. 5-8 for the 
lowest lift of 10 feet in 85 feet deep cutting, with a horizontal mean lead 
. of about 200 feet. 

It was to compete with these rates and speed of working, that experi- 
ments were made with various machines. 

The first experiment was with wheel-barrows (in a cutting of 13 feet 
depth, and height of spoil about 10 feet), by means of an endless rope 
. passing round two grooved wheels, 4 feet diameter, set in an inclined 
_ position at the top of, and foot of, a slope of 3 to 1; the rope had swells 

or knots at every 6 feet, against which a fork attached to the back of 
the wheel-barrow on one side of it was pushed by a man descending with. 


the barrow empty, and thus raised a full barrow similarly attached to the . -. 


. knotted rope, only that the knot was on the opposite side of the fork to - 


. that on the empty : the man with the full barrow paca supporting = : 3 : 


guiding it, ae 
| ‘This plans was found to - admirably with strong men capable of a 
3, Oh T¥ew=ABOOND SERIES. ; = aa 
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managing 4 eel baton but it was necessary to ne a hard sod for 
the wheels to run on, and the cost of planks for this purpose was too 
great to allow of it being extensively used, and it required some skill to 
keep the barrow wheel on the path. It was therefore abandoned; but I 
have since had wheel-barrows fitted with iron grooved-wheels, which ran 
on a rail of bar-iron 2 x dinch, kept vertical by being keyed at every 6 
feet by a wooden wedge into a short sleeper. The wheel is fixed slightly 
askew, to keep it parallel to the rail, while the man walks at the side; 
with this arrangement, I believe, the endless rope barrow lift, as describ- 
ed above, wouid work well for depths not exceeding 23 feet; but beyond 
this the length of rope becomes difficult to manage. Barrows with 
grooved-wheels were used for some months in conjunction with another 
lift, when the horizontal lead was about 150 feet, and they worked well; 
the men soon getting into the difficulty of pushing the barrow from one 
side, and not the centre as it should be; and this difficulty is the principal 
objection to the grooved-wheel, but not a condemning fault where wheel- 
barrows could be used. 

The endless rope barrow lift gave economical results while working ; 
but I consider it impracticable for extensive use, on account of skill re- 
quired in fixing and re-fixing, as the excavation progresses, and the large 
quantity of plant required for such excavation as a canal channel. 

Experiment No.2. Revolving Beam System.—The next exper- 
iment tried was a “revolving beam,” fixed at an angle of 45°, revolving 
on a pivot (attached to a post sunk in the slope, at an angle of 45° from 
the vertical), so that when one end was down in the excavation, the other 
was above the spoil. To hooks attached to the ends of the beam were sus- 
pended 2-cubic-feet skips (see Plate XXIII.). Projecting 8 feet beyond 
the two ends of this beam were smaller pieces, (which might be called 
sprite,) so that a rope suspended from their extremites hung clear of 
the skips (to these ropes, 1 foot 6 inches long, were attached rounded 
sticks), enabling a man to sit on the upper one with the rope between his 
legs ; thus a man weighing about 12 stone would, on a 22-feet beam, more 
than counterpoise the two cubic feet of sand in the box at the other 
end; and on the beam being pushed to one side, so that the weights hung 
to one side of its centre of gravity, the greater combined weight of the 
_ %aan and empty box, descended and raised the full box of sand, which 
_ was then capsized into a wagon or wheel-barrow to carry it to'tip; the 


! 


PLATE XXIII. 
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man thet. desoeinded dismounts from the rope, and walks up the slope; 
=e empty box just taken down being replaced by a full one. 

Ta this manner, & man is supposed to be able to perform more work 
than by any other mode of exertion 
(see Rankine on the Steam Engine, 
page 85); for when he ascends the 
slope, he stores energy to an amount 
wet, equal to the product of his weight 
1%& Me into the vertical height of ascent, 
| M™ which energy is expended when he 
“descends on one arm, and raises the 
load on the other. It might not be 
out of place here to state’ that a dif- 
ferent application of this principle 
was made by Captain Coignet, of the 
™ ‘French Engineers, in earth excava- 
m tion, 40 feet deep, at Versailles; 
Za of which the following is a descrip- 
hy tion (and sketch), extracted from 
| “ Lardner’s Mechanics ”:—‘ If two 
| fa baskets be connected by a rope which 
fl passes over a pulley at the level to 
which heavy matter is to be raised, 
the length of the rope being such, 
that when one of the baskets is 
brought up to that level, the other 
shall have descended to the level 
from which the heavy matter is to 
be elevated, the lower basket be- 
ing charged, let one or more men 
get into the upper basket, so as to 
give it, by their weight, a sufficient. 
preponderance to make it descend, 
drawing up the lower basket with its 
load. . When tho latter has been brought up and discharged at the upper 
level, ‘the men Jeave the lower basket and charge it, when men at the 
upper’ level. got into the upper basket, and again bring up’ the lower as 
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before. Meanwhile, the men who had previously gone down, again. 
ascend to the upper level by a ladder or staircase. In this manner, tha. 
work may be continued without any intermission, the labor of the mien 
consisting exclusively in elevating the weights of their own bodies while 
ascending the ladder or staircase. | | 
“ Tt is found by experiments, conducted upon a large sti that men 
working in this manner for eight hours a day, can produce in each. band an 
effect equivalent to 2,000,000 tbs. raised one foot. | 
“ The grest advantage obtained by this mode of applying animal levee 
will be apparent, when it is stated that the man who can thus produce an 
effect of two millions of pounds, could not produce, in-working at a wind~- 
lass, a greater effect than a million and a quarter; while, if he acted upon 
a pile-engine, he would produce an effect of only three quarters of a 
million, , 
 & An apparatus such as that here described, is represented in the figure 
on preceding page. It was employed in making the earthworks at Vin- 
cennes, near Paris, and was found to be attended with great economy.” 
This system might possibly be applicable to this heavy excavation in 
certain places requiring great despatch; but the same objection to its 
use on such an extended scale as 40 miles of digging, is the multiplica- 
tion of plant and skilled supervision, which, unless required elsewhere on 
completion of the work on which employed, and the cost of plant charge- 
able against the excavation, would probably bring the rate "=P to what it 
would be by coolie and basket. 
_ This “revolving beam,” as stated above, was first used to raise skips, 
which were conveyed from the face to the foot of lift on a hand-barrow 
or wagon, and hooked on to the beam; and as long aa it was limited toa 
depth requiring only one beam, the work done compared favorably with 
excavation by basket, and still more so, when wheel-barrows were substi- 
tated for the skips, thus avoiding the difficulty of loading and carrying 
the skips, which were not suitable, being deep and narrow; but, when a 
lower lift wes tried, necessitating a second revolving beam from which the 
akip had to be transferred to the upper, the movements became too numer- 
ous, and its extensive use was out of the question. But the conclusion 
arrived at was, that for raising water from depth (sbout 15. feet), for 
which one beam could be constructed economically, and: where the beam 
swould not require to be constantly moved, this mode of. applying: bomen 
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labor in the xacet soctotiical one, # man being able to nie at the rate of 
"2,000,000 feet pounds raised per day, which Ihave done with ease myself. 
‘Mxperiment No. 8. 5-Cubic-Feet Wagon System (Plate XXIV.) » 
—The next and last experiment tried for applying human lsbor to raise 
amaterial from excavation, was similar to the first, inasmuch as the inclined _ 
plane and horizontal wheel round which the rope passed were used, and it 
has been successfal in proportion to the diminished skill required for 
performing the various operations. Thus, the wheel-barrow requiring | 
strength and practice to propel and guide it, was replaced by 5-cubi¢-feet 
four-wheeled wagons running on rails; and the endless rope requiring 
careful adjustment, replaced by a single rope with hooks at either end. 
It is self-evident, that the great point to aim at to economise power is, 
that tho weight of the carriage for the excavated material (which always 
bears a large proportion to its load), shall be counter-balanced ‘by the 
descending empty, leaving merely the weight of the load and the friction 
of the axles to be overcome; and the most convenient mode of applying 
the necessary power was found to be men pushing. Three men only can 
safely and canveniently apply their power to these 5-cubic-feet wagons, 
(a large number of them being already made for use in a different man- 
ner,) and it was found that a slope of 3 to 1 was necessary to reduce the 
gravity to be overcome within their power, and this degree of slope is 
also the greatest that can be conveniently given with regard to the sec- 
tion of canal: so, considering that the slope is limited to 3 to 1, and that 
if it was desired to raise a greater load, more power would have to be ap-~ 
plied, which would necessitate a different form of wagon, unless the extra 
man or men got into the wagon, which is dangerous in case of a wagon 
breaking away, and that all the parts connected with the hauling would 
have-to be increased in strength. I conclude that the present wagon of 5- 
cubic-feet capacity is of the best size, and that the three men pushing it 
‘down is the best mode of applying the power, one man with the rope 
between his legs, and the other two on either side, all three leaning on 
‘the wagon, so that they have only to exert muscular power in excess of 
their weight thus thrown on to it. This mode of applying man’s power, | 
‘doesnot produce such a large result, as when the man’s weight only im 
3 descending raises the load, du¢ doubtless to his having to exert muscular, 
: power, both i in-desconding and ascending. The lift at Raipur is 28 feet, 
tpisitig 600 wagons of 640 ths. each, and ‘nine men raise this quantity, . 
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xo 28% 000 x B40 == 828, 000 feet tbs. per aay: and at Khirri with « litt 

* 58 feet, raising 570 wagons of 540 ths., each raised by 15 men, giving 

| 58 x 510 x 540 == 1,087,422 feet fhe. Of course the men Bre lighter than 
European workmen, who with Coignet’s machine, effect 2,000, 000 feet 
ths. ; but still I hope to get a higher result. 

But the means for raising the load, viz., the inclined plane on the 
ground, must give it the preference to Captain Coignet’s plan, necessita- 
ting an expensive tower difficult to fix and remove, and more liable to 
serious accidents. | 

This mode of raising having been decided on, the next point was to 
have some simple means of receiving and distributing the wagons. Four 
faces in excavation is the least number that could ensure an uninterrupted 
supply of wagons for nine men raising, and these were brought on radiat- 
ing lines to the foot of the slope, where an iron-plate 8 x 4 feet received 
the ends of the rails from slope and excavation faces, they having as 
short a bearing as possible, about 2 inches, so as to leave as much of the 
clear plate as possible; the ends of the rails had short inclined pieces let 
into them to facilitate the wagon rising on to them. The full wagon can 
then easily be turned with the aid of a lever as required, to shift them from 
one line to another; the empties being turned without the aid of a lever, 
merely by raising the hind wheels by band, and turning the wagon on the 
front wheels; this was greatly facilitated by having one of the front, 
wheels loose on its axle, but their being loose was found troublesome, dué 
to the inaccuracy in the construction of the wagons, and they constantly 
came off the line, so no more wheels were loosened, although those loosen- 
ed are still used. 

This plate, though admirable for its simplicity, and being easily pro- 
cured, is a barbarous mode of effecting the desired end (of turning the 
wagons), and pulling the wagons round with a lever, racks them greatly, 80 
that their repairs were very heavy; consequently a 6-throw turn-table 
was designed; the small gauge (1 foot 6 inches) of the wagons en- 
-abling it to be of such a size as to be conveniently of cast-iron, the great 
importance of which is evident when it is remembered that, to construct 

a turn-table properly, come thought and skill is- necessary, requiring ex- 

_ pensive workpeople and appliances; but with a casting it only ro yuires 
. that s pattern be carefully made, and the core is then atereotyped in each 
* gapting; too great importance cannot be attached to this fact; and, far- 
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ther,. the cost of. making one of wrought-iron, (wood being out of the - 
question, from its liability to be affected by the weather,) would be at least 
four times that of cast, even if the skilled labor were available. The cost. 
of one is Rs, 50. The effectiveness of this 6-throw turn-table will be best 
shown, by stating that 10 wagons (five fulls and five empties) can be turned 
in one minute; the fulls being tipped and then returned (of course the tip 
heads were quite close in this case), so that, provided the wagons could be 
supplied and'taken away, it could supply, 3,000 full wagons in a day of 10 
hours; and this suggests the idea of a small steam hoist to raise the wag- 
ons, since with men, 1,000 is the maximum that could be expected; but 
I have made the men work at the rate of 1,200; but up to the present 
600, is the number raised daily—only on one day 800 being raised from 
25 feet excavation, to a spoil 15 feet high, with 12 picked men (at Khirri). 

The drawings on Plate X XIV. will further explain the arrangements ; it 
being only necessary to say that the fulls always ascend the same line, 
and the empties descend the other; this being effected by changing the 
hook that has just come up, attached to a full to the other side to be 
hooked on to an empty. I consider this a vital point in the system, since 
it enables a fall and empty to be always at the foot and top of slope 
respectively, and thus cause no interruption. With an endless rope, and | 
the wheel set in motion by steam or other power, this would, of course, 
be the case, and the attaching the wagons to the moving rope could 
easily -be effected without causing any jerk to the wagons, by giving them 
the same velocity on the level as that of the rope, and on reaching the 
rope attaching themselves by means of a self-acting catch. 

The number of wagons required with the ordinary lead that the section 
of this canal gives, and where the earth is tipped opposite where excavat- 
ed, is twelve,—four being required at face of excavation, four tipping, and 
four. in transit, and this is the number also used at Rdipur hill, but the 
extra lead due to this unusnal case is overcome by tipping the 5-cubic- 
feet wagons into 25-cubic-feet ones, which stand on a lower level, and 
thus carry away six small wagon loads at a time, which simplifies the 
tipping, and obviates the necessity of increasing the number of small 
_ Wagons, with other self-evident advantages. - 
‘The system of excavating and spreading on spoil when using the 6- 
throw tarn-table, is shown in Plate XXIV., requiring four seta of curved 
rails above and below, all the rest being straight, 
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‘The wheel at top of slope. should be five feet diameter; ‘with e. sis aA. 
shallow groove. The first wheel used here, was that of a. country cart, | 
4 feet. diameter, with a groove cut in it, and the cart axle formod the 
Pivot: for it to turn on; and nothing better can be desired if only the 
wheel is increased to 5 feet diameter to give: ‘sufficient space between 
the ascending and descending wagons, or the inside man aan down 
would come in contact with the ascending wagon. a 

The rope used is 1 inch circumference wire repe. The soubes of 
men employed on a 538-feet lift (being a slope of 160 feet long’) to raise 
600 wagons, are five sets of three, and the time ordinarily occupied in 
raising a wagon is half a minute, and ten seconds in changing the rope; 
but allowing for stoppages, the average is one wagon raised per minute, 
and this is probably the limit at this depth. These men receive only 3} 
annas, and are consequently not picked; but when 4 annas are given, 
a stronger set of men are obtained, and more than 600 would be raised; 
six men are required for filling and bringing and taking away the wagons 
in pit, and two at head clearing the wagons, they also coming to turn- 
tables for, and returning their wagons ; one man is employed at each turn- 
table; and when the lead from the bank head is 50 feet, a boy is required 
for running the wagons to the turn-table: in the present instance two 
boys are used, the lead being 100 feet; there are, besides, one man to re- 
ceive the wagon as it reaches the top of slope, and pass the hook over to 
the men waiting with the empty about to descend, and one boy at the 
foot of slope to hook on to fulls; one platelayer is sufficient with a boy to 
put in additional lengths of rail as the work progresses, and one uate to 
look after the whole. Or collected— 


AS. P. 
_ 15 men raising, at 3} annas each, ... eee ve om «262 
8 > ,, getting and filling sand, at 33 annas each, o sz 21 0 
2 ,, at tarn-tables above and al at 34 annas ai = 7 0. 
2 ,, tipping, at 34 annas each, = 7 OC 
4 man receiving and transferring hook to empty, at 33 annas, = 86 
1 boy at bottom hooking on, at Sannas,... we ow. = 8 O 
2 boys running on epoil, at Sannaseach,... swe «o. <= 6 O°. 
1 seact ak atdannas, ... 20 soo one owe mt a 
i boy, at 3 angas, eve 2en ave soe: 8.0’ " 
1 mate, at 4 annas, eae ave coo ase vee oo we 4 OF i | 
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for. 600 wagons: coasting 44 cubic feet each, or 2,700 cubic feet for 
115 annas, from an excavation 35 feet deep, and spoil 15 feet high, or Rs. 
2-12-8; add Yor plant 12 annas = Re. 3-8-8,* which costs by coolie labor 
Bs.'5. On a.22-feet lift at Raipur, the working rate is Rs. 2-8f per 1,000, 
with a lead of 650 feet, which is got over by using 25-cubic-feet wagons, 
| which take six small ‘wagon loads. This line is to take the earth from four 
email wagon lifts, and tip it at the nearest point, which, as stated above, 
is 650 feet; to do this by basket work would, according to petty contract 
rates, cost Rs, 7, dnd the lowest lift or 50 feet, would be Rs. 9, which,” 
judging from the deep lift at Khirri, will not cost more than Rs. 3-8, 
There are, in the excavation of this hill (which allows of the spoil being 
thrown on one side only, thus giving excessive leads), six other small lifts, 
each having a 25-cubic-feet wagon run to overcome the extra lead. Each 
road will have to take out about seven lakhs, and the lowest lift will be 
50 feet. The leads of these six are only 210 feet, and would cost, at 
contract rates, for the upper lift, Rs. 4-2 per 1,000, and the lowest, Rs. 
7-5 per 1,000, and, with wagons, the mean rate will be Rs. 8 to Rs. 
8-8. To these rates have to be added the cost of plant and establishment 
engaged in first laying and keeping in order, but this will not raise it 
more than Rs. 1-8 per 1,000. Notwithstanding the saving shown in this 
peculiar case, and it may apply to a wet soil, I doubt the general applica- 
tion of this plan being practicable on an extended scale. 

The plan I have adopted for working this wagon work is combined 
daily labor ard task-work. The natives, from want of understanding 
mechanical arrangements, will not take this by contract, so daily labor 
has to be employed, and they are paid 4 annas each, on condition that, 
with the present lift of 22 feet, 17 men, including one bhisti at 4 annas, 
four men at $4 annas, and two boys at 3 annas, take out 600 wagons of 
44 cubic feet = 2,700 cubic feet, giving a rate of Rs. 2 per 1,000; this is 
a fall rate, and the men can make their 5 annas each by raising more. 


. RS. A. P. 

ba Plast, , wen . ‘one ase eee ace yee oor 22e@ ace : ; : 
General changes, eee oe ave ace ooo ese eve ove ‘ i 

’ Repairs, : aoe: one eee oon woe eae oce eae vee 

me Later, : ie ou ; , : ; ver: : bt wee aes ase eso ons ace 3 12 8. 


T mmeenemmemeenl 
 Reabenststt Wo, 1 without bonus, gives rate per 1,000 cubic feet, Rs. ¢-13-9.—R. H. 
t Thisiethe gost of actual ooolie labor without Mistri, Munshi, &c., or dally repairs ; plant ia not 
jactuded, wok: H.. 
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Since there are not sways the same men in one gang, ‘it 38 impossible t 
pay them by measurement; but unless the work can be checked by ménsure- 
ment of actual excavation, there can be no certainty as to quantity done ; 
for the wagons may not be properly filled, or the counter make ‘mistakes, 
or connie with the men; so a mate of the khaldsi class, who can write, 
and who knows he will be correctly paid according te measurement, which | 
the: generality of coolies cannot believe, or do not understand, is paid 2 
annas per 100 cubic feet of excavation by measurement, so it is his interest 
to make the men do their task; it is also theirs, for they are paid extra 
for the quantity in excess of 2,700 feet; and if he gets 3,000 cubic feet 
per day, he makes his 6 annas, or for 26 days == Rs. 9-12; and as a 
khaldsi, he would only receive Ra. 6 per month. If he is capable of 
looking after two lifts, he may; he then makes twice that, or Re. 19-8, 
and he deserves it; for he keeps the men’s time, and counts their wagons, 
and sees that everything is kept going. 

This raises the rate to Rs. 2-2, to which has to be added the carriage 
by 25-cubic-fect wagons to tip head, 650 feet, which, with two lifts, will 
increase it by six annas, or Rs. 2-8 per 1,000. 

From the experience of the two lifts, at Raipur and Khirri, I conelnde 
that each man should do seven miles of 5,000 feet = 35,000 feet up and 
down a slope of 3 to 1, for 4 annas. For getting and filling 450 cubic feet 
of sand, 4 annas. That for 4 annas, strong heavy men can be procured, 
which are absolutely necessary for raising by this mode. They sre making 
more at Rdipur; but I had promised them for 600 wagons 4 annas each. 

The man at the turn-table has easy work, bat must .be a strong man, 
to be constantly starting the wagon from a state of rest, and take it round 
curve, so he should get 4 annas, and he requires a man to assist him, 
who only turns, and he should get 3} annas, the usual rate. A strong 
boy is sufficient for ranning on the level falls and empties 50 feet ead; : 
for 100 feet, two boys should be put on; for hooking on, one boy; for 
turning rope at wheel, a man on 3} annas; for tipping (with the tip head | 
kept properly by platelayer), two men should do 600 wagons, and receive 
4 annas each. 

Thus with a slope of 8 to 1,160 feet long,* requiring 600 lifta. per 


2x 160 x 600 192,000 _ | mir 
d8y Se saofear lineal = “35000 = Pb sets of three men, but this half set: 


® Thie refers to the 50-feet Hit at Khirri.--B. 8, : 
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“might be siddoa to theit task, since itn only doth = ys maore to do for 

the 15: men, roe ° 
? The excavation should-be taken out strictly “eee to the centre 
| ines shown, giving 10 feet on each side of road. The turn-table being 

moved. every: 50 feet forward. This being merely a report on the system, 
further Metaile of minor points are not given. ; 
- Siaperiment No.4. Mr. Derry’s: System.—Excavation with the 
aid-of steam-power has been tried on two different aystems, the chief dis- 
tinctive features in which are the inclines or slopes up which the wagons 
are raised; one being on long inclines, and the other shor?., 

The long incline system tried here has been described by Lieut, Miller, 
in whose immediate charge it was, (vide Experiment No, 5.) I will 
therefore confine myself to a description of the short, after stating the 
advantages claimed for the short over the long. 

It being required to excavate a channel through a plain, the least power 
will be expended when the excavated material is deposited opposite the 
point where excavated, that is, on a line at right angles to the centre line 
of the channel, and the more numerous these lines, the less the power re- 
quired, Any deviation from the right angled line must increase the 
distance the material has to be carried, and necessitate more power. 
With human Jabor with a basket, the most economical distance between 
these right: angled lines is twice the distance a man can cast the material 
from. the basket on his head, since it limits the distance he has to travel 
to the minimum, and this is what is universally done by coolie labor, 
unless ‘the path from some local cause becomes too steep for his par- 
‘ticular muscular development; but a machine winding @ rope, can as 
easily raise a.given load up vertically in a given time, as up an incline, 
and the nearer the vertical, the Jess the friction on rolling-stock in 
degree ‘and continuance, requiring less power to raise, and deriving a 
larger portion of the descending weight of the empties, and the greater 
weight borne. by the rope necessitating smaller but more frequent trains, 
which has the great advantage of the material being more easily dis- — 
posed of, keeping afew men constantly employed, instead of a larger 
“number intermittently. Further, the less weight of rope to be raised 
each time, also the slower speed of winding and fewer number of re. 
volntions of winding machine, must give less wear to the machine; also . 
the wear'and tear to rolling-stock will be proportionately greater, as-the 
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incline is ae and therefore less pee due to both the greater distance : 
to travel and greater weight on axles; and the wear on the rails is great- 7 


er on the long incline, on account of the greater ae of the load teat . 
ing on the rails. 


‘The ineline should not be steeper than 2 to 1 on account of the ditentty 
of ballasting, and requiring a stronger rope, and hence larger diameter 


grooved pulleys; nor should it be longer than 24 to 1, with a section si 
canal such as the Sirhind. 


_ The advantage derived from the descending wagons on a steep slope, 
vill be best seen by comparison with a long slope, assuming the steep 
slope as 2 to 1, and long as 20 to 1. 


The weight of an empty wagon is 800 Ibs. The power required to 
overcome friction on a level road is 15 lbs.; so on 8 2 to 1 slope, the 
weight being half, the friction i be oo which gives on a 2 to 1 slope 


a pulling force downwards of * a ee o = 400 — 74 == 392°5 lbs.;* 


® Note by Mr. J. C. Hammer, Exec. ene 
This is not quite correct. The downward pull in the direction of the slope ie the load multiplied 
by the sine of the angle of inclination, which, for a2: 1 slope ia about 26° 34’ ; the pull due to the 
weight of the wagon, neglecting friction, is therefore (800 x sine 26° $4’) 
Bine 260 3470s. = 0447, = 357 ths. Again, the friction is proportional to the load on the axles, : 
Cosine 260 34 «.. = 0-94 «BNA the pressure on the rails, and expressed by 15 cosine 26° 84’ = 13°41 
tts. The real down pull on this slope would be therefore 857 — 14:41 
== 343 59, and not $52:5 as Mr. Derry made it. 8 
In the case of the long Incline of gis: the down pulldne to the load, making allowance tor friction, 
(Note.—Angle of incline (assuming that the co-efficient of ,\5, given for the latter be correct, 
tion of 24, slope = 20 52). would be 800 nine 2° 562/ — 15 cosine 2° 52’ = 40 — 14°98 = 25°02 lbs., be- 
ing nearly the same as Mr. Derry’s (26°75 lbs.), owing in this cnse to the 
small difference between the tangent and the sine of so acute an angle as 2° 52’. 

' Jeannot quite agree with the conclusion drawn by Mr. Derry after thia,é. ¢., that the difference 
‘between the two pulls isa saving in useful effect. It strikes me he overlooked the fact, that what 
holds good with the empty wagons, does also hold good with the full onea ; and if the down pull be 
greater in the one case, it will alzo be correspondingly greater in the other—in fact, that cause and 
effect must exactly balance each other in either case. The question of choloe between steep and 
gentie inclines can, aa far as it is argued here, and apart from consideration of length of lead, &o., 
only be determined by the power available or practicable to be expended in « certain time, ¢. ¢,. the 
speed with which the wagons can be conveniently raised, and in so far, Mr. Derry is of course Tight 

in his conclusions. 
With regard to the power which Mr. Derry calculates to be expended in overcoming the exoouttve 
Dissdvantage of greater friction on the axtes of the ful? wagons, if drawn ups long incline of ‘ve 
friction to be overcome on gnd his comporison of this power with that required to overcome the 
loug inolines, friction of wngons drawn up a steep incline of o I would point ont that 
he has not, as far as I can make out, taken account tn this comparison of the friction on the spindle 
ef the drum of wheel, taking the downward pull of both empty and full wagons. This friction is — 
Mreetly proportional to the joint poll, and ix the jo, the greater the friction is on the axles “ the. 

. te Se fe ret Aone by suming te rao Sees extrem Onnee 98 Tallon 


Raking thiv. deiouion Yor an invline st i L fe iy ® perfectly wrertival Mft, thare oald bn 0 ote : 
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anit ona 20 to 1 lope 50 oy x eee == 40 —. 14-25 = 2675 ibs. ; 80 
for each, wagon raised ons a tol slope, there i is 892: 50 — 26°75 = . 366° 7 5 
ths, loss power required than on a 20 to 1 slope, due to the descending 
empty; aid. with the increased friction of the loaded ascending on a 20 
tol slope, we shall have the saving effected’ by using steep slopes. The 
force ‘Tequired to overcome the friction of a loaded wagon on the level is 
40 Ibs. ; ; 80 ona 2 tol slope, it will be 49 = 20 ibs. ; on a 20 tol slope, 
it will be 4% 40 (= 38 fhs.), multiplied by the difference of length of 
slopes (which is 9); so the power required to be expended to overcome 
friction of one loaded wagon up a 20 to 1 slope is 9 x 38 = 842 tha., 
against 20 ibs. on the 2 to 1; there is thus a total saving of 371:75 +4- 
(342 — 20) == 698°75 for each wagon raised; and since 2,000 wagons is 
the least number that should be raised in one day, there would be 1,387,500 
Ths. power saved; and takirg each loaded wagon as 2,800 ihs., 495 more 
wagons could be raised by an equally powerful engine on a 2 to 1 slope, 
than on a 20 to 1. The greater weight of rope to be raised on the long 
incline has not been considered, allowing that to be equal to the extra 
friction of more angle pulleys necessary in the short incline system. 

' Having shown the economy of power to raise, due to the use of short 
inclines, the difference in wear and tear of rolling-stock on the short and 
on the long incline should be compared. 

The wear and tear to rolling-stock is directly proportional to the length 
of road and weight to be carried. The difference of length of inclines 
being 9, and the weight of a wagon on a 20 to 1 slope being 1°9 times 
greater than that on a 2 to 1 slope, the wear and tear will be 9 x 1-9 
ex: 17-1 greater, plus the increased shaking due to greater velocity on a 
not perfectly laid line. The wear and tear of rails will be in proportion 
to the weight run over them ; and since the weight on 1 in 20 is 1:9 times 
. greater than on 1 in 2, and the incline is 9 times longer, we have 1:9 x 
9 == 17°] greater wear on rails on long, than on short, incline. 


tion on the axles of the wagons, and the whole friction due to the ascending and descending loads 
" Would be on the pivots. of the drum. 
W = weinbt of fall wagou On the other hand, taking an incline + as a purely horizontal 
@ 2 an va gb Pectin of draught, all the friction due to the load would be on the axles, and 
wm none, excepting that due to the tractive force (alone), would bear 

ve ee on the plvotsof the dram. From this then follows that only the slight 
pe difference of friction due to the force required to overcome traction, 
es ia A that is, s(2QWY sine a ~ 20¥ sine B), can be taken into consider- 

. co sivet of dem, ation in estimating the useful effect in raising loads up inclines of 
Aiflerent desttvity, ; 
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This Satine the comparison of economy of. power and wear and feat 
| of rolling-stock in lifting the material. The.‘ economy of power” and 
wear and tear of rolling-stock in conveying the excavated material from 
face to tip (omitting the inclines which have been compare, vill be * 
rectly proportional to the distance travelled. : 

This will depend on the length of channel excavated from. one long: ins. 
cline; if the same length of channel as that done by short incline, Vite | 
200 feet, then the cost of constructing an incline ning times as long as on 
the short, will be incurred to effect the same end; and if a length of chan- 
nel is taken out proportional to the increased length of incline, then the 
excavated material will have to travel nine times as far, and the wear and 
tear will be nine times as great. 

Tt would not be safe to run wagons faster than six miles an hour ; and 
since (by using a more powerful engine), this speed can with equal safety 
be attained on the steep inclines with two wagons, a train of 18 wagons~ 
would have to be raised on the long to compete with it, but more than 10 
is not practicable. Therefore the short incline system is capable of hav- 
ing raised upon it nine times as many wagons, 

Having shown that the principle of short inclines is theoretically capa- 
ble of effecting more work with same expenditure of power, and that 
more power can be applied, I will now describe the system on which short 
inclines have been worked here, and then the modified plan which I pro- 
pose to render it most effective, after which a further comparison of the 
long and short inclines might be made as to “ prime cost of starting,” 
simplicity of working, and facility of shifting for erection elsewhere, and 
also cost of plant to effect the same on both systems. 

It is supposed that it will be economical to use steam-power for the 
deep excavation only from 30 to 40 feet deep, and that the upper 10 feet 
is taken out by coolie and basket, and thrown to form a spoil 15 feet 
high, being the full height that the spoil need be; thus a narrow plat- , 
form is formed constituting the “bank head,” on which the engine is 
placed, and the wagons raised to. 

As previously shown by reference to coolie and basket work, that the 
more numerous the lifting inclines are, the less the distance the material 
has to be carried; the distance apart of these inclined places must be fixed 
by. considering the cost of preparing one incline against the quantity of 
aiaterial brought over it, and 200 feet of channel was assumed as thecor- | 


HARTHWORK EXPERINENTS ON THE AIRHIND CANAL, 8 = 165° 


eet quantity, Then the number of these inclines to be worked by one 
etigine is limited by the length of the rope that can be conveniently used; 
700 feet on that required forfour inclines on either side of the stationary | 
engine: was decided as the limit, and having a 12 H. P. engine to = 
with, fixed the quantity of work to be done, (Plate XXV.) 

With the view of keeping the engine constantly at work, two winding 
drums are necessary, 80 that while one is hauling up and lowering ‘wagons 
‘on foar inclines, the other four are arranging their fuils and empties, 
‘To effect this, a machine was designed, consisting of two drums, round 
each of which two ropes are wound ; the four ends of these ropes from 
oné drum being each at an incline, one end of each rope having empties 
attached to it, and the other end fulls; the empties in descending keeping 
the rope that is wound from the inclines on which wagons are being 
raised tight, and thus causing the rope from its friction on the drum to 
bite sufficiently, to be able to raise the full wagons. 

The rope as itis being wound on to the drum, of course approaches that 
side of the dram next the on-winding rope by the thickness of the rope, so 
the lift is limited by the diameter and width of drum used; hence this form 
of winding drum is only applicable to limited lifts, such as the excavation 
of a canal channel 50 feet deep; but with Fowler’s dip pulleys any depth. 

“The advantages claimed for this form of drum are, that it is simple to 
construct, the power is uniform, which it is not when the rope winds on 
to itself, thus increasing the diameter of the drum; besides, the rope is 
less injured, and four drums would be required where one now answers— 
in fact, if this “tail end” system were not used on a traversing drum, 
this system of four inclines, worked simultaneously, would not be practi- 
cable (excepting with Fowler's dip pulleys); one rope on the drum is 
wound on the upper, and the other on the lower, and thus there is no 
tendency to pull the machine out of position. 

The drum has a spiral groove cut round it of 3~inch pitch, to keep the 
ropes sepatate, and to ensure their uniform advance. The length of the. 
ropes must be such that the empty wagons have not reached the bottom, 
of inclines before the fulls arrive on the level at bank head, or the slack 
would not be pulled away, and the rope :.would not bite; and it has been 
found: necessary to have o man on either. side of the drum to keep the. 
rope leaving the drom tight, in case the rope ceased being. pulled away 
by the. empties from any accident, and the mien are necessary to ensure 
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__ the ropes being in their respective grooves before starting to wind, and 
they act as look out men to see the empty wagons are ready to start, and 
give notice to-the driver to stop the engine if signalled to do so from any 
of the inclines ; but they have seldom occasion to do so; but their aie 
stationed there is a safe-guard. ‘ 

The diameter of the drum should be the smallest size, that the wire 
rope nsed will not be injured in bending round it, and the practical rule 
in England is, that the diameter of the drum shall be 1,000 times the 
diameter of one wire of which the rope is made; thus, if the wires are 
qy-inch diameter, the drum must be ~ «=z §2 inches, or about 5 feet 
diameter, and all pulleye round which the rope is led should not be less, 
otherwise the rope will be soon injured. This fact will show the advan- 
tage in having numerous light loads to lift, instead of a few heavy ones ; 
for wheels of a larger diameter than 5 feet would be heavy, expensive, 
and inconvenient to fix. For this reason, I propose to reduce the capacity 
of the wagons to 20 feet, instead of 25-cubic-feet as at present, this will, 
besides, give other advantages in making the wagons more handy, and 
save wear and tear by reducing the strain in the body and frame, and it 
would appear from the heavy repairs to the present wagons, that such 
reduction is needed, or that the dimensions of timbers should be increased : 
of course this lightening the load will not decrease the daily out-turn, 
for more wagons can be raised. The other remedy to decrease the size 
of rope is to lessen the slope, for less than two wagons cannot be used 
(see Plate XXVI.), where the wagons are shown coupled by a rope of 
such a length, as to allow the leading wagon to stand on the slope, thus 
throwing a strain on the rope ready to pull it away as soon as the engine 
starts. This arrangement has a further advantage in that, since the 
leading wagon reaches the bottom in advance of the other, there is time 
to uncouple it, and have it away before the other arrives. In raising, of 
course the wagons are close coupled. The objection to lengthening the 
slope is, that it will involve a greater expenditure in forming the incline, 
and on completion, in making up the section of canal, -or it will ae 
too far into the excavation. 

The drawings accompanying show the principal parts of the olent used 
in the experiment at Khirri; a written description of them is therefore 
tunnecessary, so I will sienply describe the plant that I. consider necessary. 
to render this system most efficient. Want of experience or etailable 
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‘recorded information on these points has necessitated every part of the 
present lift being designed here, and it could hardly be expected that it 
should have been perfected at once, which is my apology for it not being 
as successful as anticipated; but I consider the present results justify a 
farther trial with remodelled plant as about to be described; and after 
Government adopting such a liberal policy in expending so much as thera 
has been to gain this experience, it will be all thrown away if not prose- 
cuted to completion. I cannot learn that there is an ysimilar European 
practice; for the conditions of excavation for railways are quite different 
to that for a canal; the railway cuttings being either a skimming of the 
ground, and where heavy, a valley must always exist that requires a heavy 
embankment, so that a double advantage is gained; but in canals where 
in ‘‘ soil,” the excavated material must always be thrown to spoils. 

The engine should be a 16 H. P. portable, on the general design of 
Messrs. Robey and Co., fitted with the spiral grooved traversing drums of 
four of Fowler’s dip pulleys, the great points in which are,—the drums 
are attached to the engine, being between the hind wheels, doing away 
with all the trouble and care required in fixing the winding machine trae 
to the engine, and that in case of settlement, the connections are not 
strained—in fact, no skilled labor would be required to put this engine 
in position to commence work, and from the fact of the two ropes winding 
on different sides, there is no tendency to pull the engine in one direetion 
only, so that no means need be taken to fasten the engine down, and work 
could be commenced as soon as it is wheeled into position. This is a very 
important point in case of extensive repairs being required to be done to it, 
as it could be replaced by another in the space of an hour. 

This form of engine is therefore preferable for general use to the ordi- 
nary portable, being a winding engine in addition, and can transport her- 
self from place to place; a description of this engine is given in “En-' 
gineering,” 25th June, 1869. Of course, some modification would be ne- 
cessary to adapt it to this purpose. The dram should be 4 feet dianieter, 
which would not injure a rope (capable of hauling two losded 20-cubic-feet 
wagons up a slope of 24 to 1), which would have to be 2-inch ciroumfer- 
ence, and should be made of wire, the diameter of which is ,,!,5 of four 
feet==1-582 inches. Steel wire-rope was tried, but was found to be rapidly , 
destroyed, due, IT suppose, to its greater brittleness than i iron, and there- 
fore not able to stand jerks. The ropes on leaving the drum, should be 
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supported for the first 100 feet at every 20 feet by framed rollera—see Plate 
XX VIL.,-—-diminishing in length, as they are more distant from the drum. 
‘The object of having the rope supported only at every 20 feet here is, 
that it allows any slack there may be (from overhauling the wagons) to 
sag down, which assists the man who stands at the drum in pulling away 
slack as previously explained. Beyond the first 100 feet, the rope should 
be supported at very 10 feet. Fig. 5 is a drawing of the sheaves or rope 
carriers supported by a cast-iron spear head socket; at each ramp one 
rope is turned at its angles by means of a horizontal pulley; this should 
be not less than 4 feet diameter, and fixed as shown in Fig, 6. At 
the head of the incline, the rope is bent to an angle of 20°, and this wheel 
may be of a less diameter than 4 feet; for the injury to the rope doubt- 
less has two measures, viz., the radius of the circle round which it is bent, 
and the force with which it is pressed against the wheel (causing the wires 
to grind and cut against each other), which depends on the angle that the 
rope forms, which, in case of being bent at right angles, gives a pressure 
of 1:4 times the strain on the rope, and with an angle of 20°, a pressure 
of -4 times. If it were merely a question of pressure, this wheel might 
be one-fourth of an inch the size of the horizontal, but then the injury 
due to being bent to a curve of such short radius, would, I believe, be 
great. Iam not aware of any experiments on this subject. I therefore 
assume that 3 feet wonld be about correct, and a deeper wheel in this 
position would be inconvenient to fix; all these wheels should be of cast- 
iron, with the bottom of the groove the exact size of the rope, so that it is 
prevented flattening out, which must cause great rubbing of the wires 
against each other. The wheel at bank head now referred to, is that on 
the line of rails up which the full wagons are raised, but there is another 
line parallel to it for the descent of the empties, and since they are a little 
more than one-third of the weight of the loaded wagons, the puileys round 
which the rope must pass in letting down the empties need not be so large, 
and it would be difficult to arrange for the horizontal one here, being 
larger than 9 inches diameter; that is, therefore, the size fixed for it, 
‘and the vertical one 2 feet. 

The wagons should contain 20 cubic feet only when heaped up; the pre- 
gent 25-cubic-feet wagon, can be conveniently altered to this, by reducing 
its depth from 1 foot and 8 inches to 1 foot, which facilitates loading, 
by having 8 inches less height to throw over. But what I consider the 
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most important steps towards success since J commenced designing this 
system is, that the wheels should be inside the frame, giving the following 
advantages let, facilitating lubrication ; 2ndly, shortening and therefore 
strengthening the axles; and 3rdly, above all, reducing the gauge, en- 
abling much sharper curves to be used, and turn-tables being such a size 
as can be conveniently cast, the advantages of which I pointed out pre- 
viously. There is another alteration, which I propose, that will reduce 
the wear and tear on axles and wheels by one-third, and therefore the, 
friction in pulling and running; it is to increase the wheels from 15 inches 
diameter to 20 inches, which the present form of wagon admits of. 

The wooden wagons in use here, have been found to require such very 
extensive repairs, that iron wagons have suggested themselves, and one 
has been made, but it is more expensive than wood, and somewhat heavier ; 
but I hope to design one that will not be heavier, and its greater dura- 
bility will, I believe, enable it to wear ont from four to ten wooden ones. 
I shall, when in England, make enquiries on this subject, and I hope to be 
able to obtain a cheap and simple grease box, the necessity for which is 
lamentable in the friction and wear of axles; and I believe if a cheap 
form of spring could be applied, such as Adams’s, the wagon would be 
much more durable; for the wagon bending to every inequality of the 
road, strains it greatly, and the roads cannot be kept in perfect order. The 
turn-table in pit would be a 6-throw—the two lines of rail from the 
slope converging into it by curves, with a mean radius of 20 feet, which 
it has been found that a wagon altered as above, passes round without 
any inconvenient friction; but, if after further trial, it is found a longer 
radius curve would be better, it can easily be increased. 

The system of taking out the excavation with this turn-table will be the 
game as that described for the small wagon excavation, The turn-table 
on spoil will also be of cast-iron, but only a 4-throw, which will give three 
tip heads, two of which will only be used at one time; they being easily 
able to dispose of the wagons from four faces—Plate XXVI.,—of one 
incline; the two-feet-gauge roads and turn-tables are shown in the Piate, 
from which the mode of working will be evident. Since this report is merely 
an outline of systems tried or proposed, there will be no object in entering 
into greater detail of working parts; but, if required, they can be easily 
given. It now only remains to give a description of the mode of working, 
and then the cost of work actually done, On Plates XXV. and XXVI,, 
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it will be seen that each ramp or incline has two roads,* on one of which 
the fulls ascend only, and on the other empties only descend; the 
importance of this cannot be exaggerated, since it enables fulls and 
empties to collect below and above respectively, so that there need be the 
least possible loss of time in transferring the hook from one to the other. 
' Four ramps are worked at one time, two fulls ascending and two empties 
descending simultaneously on either side of the engine; the Plate will 
better explain this. On one drum ceasing to work, it is thrown out of 
gear, and the other dram into gear, and the other set of four ramps are 
worked, giving ample time for the first to be ready as soon as the drum 
now working ceases, 

By this arrangement, the engine need only be still the time that it takes 
to throw one clutch out and the other in. With a 16 H. P. engine work - 
ing at a pressure of 40 tbs., four wagons per three-quarter minute should 
be raised, or, say, 3,000 20-cubic-feet wagons per day, or 60,000 cubic 
feet, working at a pressure of 40 tbs. of steam, but the engine should 
be constructed, so as to be capable of being pressed and worked regularly 
to 80 tbs. There seems to be a difference of opinion as to what these 
portable engines may be safely pressed and worked regularly up to, and 
on referring the question-to Messrs. Jessop and Co., from whom some of 
them were bought, they gave no definite answer. 1 will learn this from 
the makers in England. 

One man gets and fills 450 cubic feet of sand daily, so for getting and 
filling, 133 men (say 150) would be required; 50 more men for turn- 
tables and running wagons iu pit; 48 men at tip heads; 48 men at 
turn-tables and running wagons on spuil; 16 men receiving and putting 
over wagons; 8 grease boys; 8 mates; 4 men looking after rope on drum ;t 
1 engine driver; and 1 stoker; 8 platelayers; 4 bhistfs, 2 for engine; 
the total are number of men required. 

This number of men, by increasing the number of the fillers and tip 
headmen, would dispose of half as many again, but the full number of 

‘men must be allowed for this ordinary rate of working to perform the 
different operations smartly ; thus, although one could hook on the empties, 


® Ses remarks in Supdg. Engineer's report, page 189,—R. H. 

7 See remarks in Supdg. Engiveer's report, page 189, where he estimates 48,000 cubic feet per day 
aan fair average result.—H. H, | , 

t Two men might attend to both drums,—R, H. 
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it requires three to do it smartly and safely, and they could hook on four 

times the number in the day; again, at the turn-tables, one man is capa- 
ble of working them, but two work better, but their labor is slight, and 
they could turn twice the number; the same for runners; so it would 
only be the fitters and tip-head men that would have to be increased if 
the raising power were increased. 





RS. A. P. 

Then 337 men, at 4 annas (34 - ordinary PAY), ee o 84 4 9 
1 Driver, at 8 annas, .. oe ae es 0 8 0 
8 Boys, at Sannas, .. ee ee ee oe « 1 8 0 
Total for labor, .. 86 4 0 


Using coal fuel, at Rs. 1-6 per maund, which is certain of 
supply, costs "Rs, 15 daily, working half the system (at a 
depth of 35 feet from surface and 16 feet high spoil), so 
twice that may be safely taken as sa a for wee 
the whole system, .. ee oe a% 30 0 0 
Grease, oil, &c., about, os au we - - 812 0 
Total cost for excavating 60,000 cubic feet, .. 120 0 0 
or Rs. 2 per 1,000 from a depth of 35 feet; add for proportion of plant 
Re. 1 per 1,000 = Rs. 3. This is what the work should be done for, 
and what it has actually been done for will be best shown by the monthly 
abstracts of cost from November 1872 to April 1873, which are a history 
of its present working, which gives the impression that interruptions al- 
together opposed to rapid working were constantly occurring, and this is 
the strongest argument for the experiment being persisted in with the 
plant remodelled as before described. 

The lowest rate in November was Rs. 2-1-5, using kékar wood-fuel, 
and the greatest number of wagons raised 860 on the 30th, using coal- 
fuel, which is only more valuable than kikar fuel, as 7 is to 12 by weight, 
the former costing Rs. 1-6 per maund, and the latter 5 annas per maund ; 
giving a working rate of Rs. 2-12 under the unfavorable circumstances 
of imperfect plant and expensive fuel. 

December’s return shows a steady working for the whole month, giving 
an average rate of Rs. 8-6-6, the lowest rate being Rs, 2-14, and the 
- greatest number of wagons raised 916, and (coal-fuel being used) which, 
considering the frequent interruptions by the breaking of rope and other 
faulta in plant, which would not have occurred with properly designed 
plant, is favorable. 

January gives ap average rate of Rs. 8-4-5, the lowest being Ra. 
2-12-7, and the greatest number of wagons raised 924. 
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February gives an avermze rate of Rs. 8-18-4, with fuel at Rs. 19 daily; 
the greatest number raised in one day being 952, and an average of 800 
daily. The shaft broke on 15th, which was attributed to a flaw in the 
iron. 

March. The shaft having been replaced, the work was re-commenced, 
but the valuable alteration of making a double line on inclines having 
suggested itself, work was stopped to make it, and work was re-com- 
menced on 9th April, but with no improved results, due to men being 
short, they having gone to harvest. On the 21st the shaft agaii broke 
when I inspected it; it was due to want of strength; and on calculating it, 
found it to be the case—44 inches being required instead of 3 inches; the 
shaft is ready, and work will be shortly re-commenced. 

It must be remembered that only one-half the system was working during 
this time, so the number raised is half what it would be with the whole. 

These results do not take into consideration the cost of preparing plant, 
for since it has been entirely experimental, numerous changes have been 
made, which have been very expensive; this has been given in previous 
returns, but would be of no value in arriving at what the work can be 
done for, which the above monthly abstracts of expenditure do. 

I have shown that theoretically this system is more economical than 
the long incline system, and the actual working of the months quoted, 
shows that on some days it is very economical; and also that when it was 
not 80, it was some fault in mechanical detail, which faults I have pointed 
out, and shown how they can be remedied, so the conclusion is incon- 
trovertible, that with perfect plant, the theoretical rate of Rs. 2 per 1,000 
from 35 feet excavation can be ensured. 

There is the one objection, that unless the plant was required elsewhere 
excavation by this means on an extensive scale would have to bear the 
whole cost of the plant, and the contingent expense of workshops for re- 
pairs; but they would be on a limited scale if the plant was imported 
(especially iron wagons), excepting all cast-iron work, which can well and 
cheaply be procured from Nuhan and Roorkee; but since almost every 
part is better of iron than wood (and possibly also even sleepers), there 
would be a considerable return from its sale as old iron. 1 am supposing 
that arrangements would be made for 10 miles of 35 feet deep excavation 
to be taken out in three years, at the termination of which, the plant 
might not be required elsewhere, so must be charged to the work. To ef- 


superficial feet section x 10 miles of 5,000 feet = 471,200,000.* Each 


engine takes on 1,600 feet of channel = aH feet == 31 double engine 


lifts (since half channel is only done at one time) doing 9,424 x 1,600 
== 15,078,400, which at 60,000 (a) daily, will occupy 251 (6) days, say 


one(c) year; so allowing for four(d) changes in three years; each 


engine will do 852(e) lakhs, and Sears (f) = 18(g) en- 


gines and plant complete, to be charged against this work: and allowing 
Rs, 2 per 1,000 as the rate at which it has been shown the work can be 
done, the work would cost Rs. 9,42,400, and by coolie and basket Rs. 4-4, 
the rate will have actually, when the lower lifts are finished, cost here 
Rs. 20,02,600, leaving 103 lakhs allowable for plant; and since each lift 
would require, 


RS. 
One winding engine, oe 7” os os oe ee 6,000 (A) 
5,600 yards, 14 Mhs. per yard, rail, at Rs. 7 (:) per maund, e- 19,000 
12 wagons on each incline, or 96 for whole lift, and allow one-half 
for repairs, extra 144, say 150 wagons, at Rs. 100 each, .. 15,000 


Carried forward,  .. 40,000 

* This calculation {s incorrect in itself; further Mr. Derry has made no allowance for the 
npper 10 feet in depth of excavation, which will be taken out by coolies and baskets (under al) cir- 
cumstances the cheapest method for light digging), to furm the bank head (vide page 164). ‘The ares 
of section will then become 9,424 — 3,110 = 6,314 square feet. The contents of 10 miles 6,314 
60,000 = 315,700,000 cubic feet ; 6,314 < 1,600 = 10,102,400 cubic feet ; the excavation to be done by 
two engines facing each other, which will finish their work at the rate of 1,20,000 cubic feet (two 
engines at 60,000 each) a day in 85 days (say one-third of a year), Then in three years (allowing 
nine shifts in that time (a pair of engine lifts wou have taken out 910 lakhs cubic feet, or each 


157 
+ Add one bigke cogita engino ; engine 455 lakhe. ing aE 6°94, or, say,t seven engines, which is 


4 total 
i about half the number arrived at by Mr. Derry.—R. H. 
(a). 1,20,000, 
(6). 128, 
(c). Half. 
(d), Six. 
{e), 453. 
(/). oa e 
(g). 11. Add two spare engines; grand total 13 engines.—R. H. 
(hk). Bate low; nearer Ra, 8,000.—R. H. 
(i). Rate low; say Ra. 8-8; caloulation is wrong ; at Re. 7 the amount will be Rs, 6,860.—I, HH 
Theee are evidently supposed to be wooden wagons. The amount may be left, as the iron 
wagons will probably be more expensive, and in the latter case, the allowance for spard 
‘wagons and ropairs is evidently exorbitant.—R. H, 
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RS. 
Brought forward, .. 40,000 


16 turn-tables of cast-iron, at Rs. 80 each, allowing for repairs 
Rs. 1,280, say, +. ++ se wee wwe 2,500 
8 angle wheels of cast-iron, at Rs. 30 each, Rs. 240 
16 ‘ = at Rs. 25 (a) each, » 400 
820 rollers, at Rs. 3 each, «. ee oe oe ~ yg 960 1,600 
6,400 feet of wire rope (4) renewed three times in three years, 
at Re. 1 per yard, ee oe oe oe oe ee 6,400 


Non-perishable, being iron, ar oe oe ee ee 49,500 
Sleepers for 2,860 yards of road = 2,800, at 4 

annas each, ae “ oe ee we Rs. 1,200 
Bumpersand spikes, and sundries and contingencies, » 3,300 4,500 


ee = =—- ee 


Total prime cost for one lift, oe oe 54,000* 


(a). Ihave increased the rate of 8 of these to Rs, 30.—R. H. 
(6). Not sufficient; it is true that the rope only wears at the ends, which can be renewed inde- 
pendently ; but still I think the allowance had better be doubled—R, H, 
¢ I think that the subjoined estimate is fairer than Mr. Derry’s. 
Serial 
numbers. 
1. 1,400 lineal yards of road (being half of the 2,800 yards total estimated by Mr. 
Derry), which may be supposed to be formed before commencement of work. 
From actual experiment at Raipur, it wax found that preparing the ground 
and inclines cost Re, 39 per 100 yards, =... ove sea eis end “es 546 
2. 2,800 lineal yards tramway is estimated at per yard— 


RA, 
Two yards 14-1b. rail, at Rs, 8-8 permaund, —_... oe 2975 
One sleeper, at 4 annas, es ove exe one oe 0°25 
Laying ruad, spikes, carriage, &c., ec sae ove O40 
sonny 
Per yard, total, oon 3°625 10,150 


3. Sets of pofnts and crossings, complete on bank, ut Ra. 25 cach, ose sia 200 
4. 16 cast-iron turn-tables (8, 6-throw, and 8, 4-throw), at Rs. 80 each, ... coe §«=—_—«W4, 280 
5. 1 16H. P. engine, with drams complete, _... ee oie ‘ase — o. 8,000 
Erecting the above, temporary shed, &c., —.... ie Jee one aus vias 150 
6. 8 cast-iron angle wheels, 4 feet arial } 16, at Rs. 30 each, ... . - 480 
7, 8 » ” 3 > 
8. 8 4s es § inches siaeiay at Ra. 25 each, owe ase ene 200 
9. 320 guide rollers, with sockets complete, at Rs. 3 each, ... oto ane eee 960 


10, 6,400 yards wire rope, 2} inch ; rate includes six renewals in 3 years, at Re. 2 
per yard,. ere oee ae eae one ee oow wre see oon 12,800 


11. 180 wooden 20-cubic-feet wagons at Rs. 100 each, soe eee ove ow «15,000 
tz, Small tools, picks, pharoahs, &c. "9 eee oor gee eae abe vee aoe 300 


Total, ee 50,066 
Add contingencies, at bpercent., .. 2,603 


Grand total, cost of one lift, ... 52,569 


The above is the cost of the syatem erected, and ready for work on Sirhind Canal. 
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and for 13 lifts = 7,02,000, against 102 lakhs to spare, without allowing 
anything for the value of plant at termination of work, one-cighth of the non- 


4 
oO x 18 


== 80,400, But supposing there was no saving, the question of time 
would, in ground that labor would not take to, necessitate its adoption. 
It has been shown that for one engine lift 350 men are required, then for 


perishable portion of which might be safely calculated on = 


13 lifts = 4,550 men-—a number which at such high rates as 4 annas, 
would be safely calculated on, and to do the same quantity of work in 


the same period, allowing each man to do 50 cubic feet daily, which 
471,200,000 c. ft. 


including women and children, is a fair average 1050 days — = 8,974, 
50 c. ft. 


or twice the number, or twice the time, and if working in wet soil, it is 
almost imposible to get men to take the work, froin having to carry it on 
their heads, which wets and gives them fever. 

To make a further experiment with the modified plant would cost— 





RS, RS, 
To alter wagons to 2 feet gauge, and reduce to 20 cubic feet, 1,000 
One engine, ve os ee ee oe oe ~- 6,000 
16 turn-tables, at Rs, 80, say, .. ae ‘a ei -. 1,500 
Cast-iron angle wheels and new rollers,: a ee «+ 1,600 
Wire rope, ss es as es es ee -+» 2,100 12,200 
Rails we have, also sleepers, but for sundries, say, .. “0s 2,800 





Total to complete experiment, .. es ee 15,000 





Nole.—I Would further offer the subjoined revised estimate on excavation of 10 miles of canal 
35 feet deep, buscd on my remarks in foot notes on pages 170 and 174, and on the above statement. 
R&,. 
Cost of top lift by coolies and baskets— 
155,500,000 oubic fect, at, say, Rs, 3 per 1,000 cubic feet, ... wee ove oe «=== 64,66,500 


10,102,406 
2 


Duty of one engine in one position = cubic feet = 5,05),200. 


5,051,200 cubic feet 
48,000 (page 170) 


And in three years of 280 days, there would be ae = 8 shifte, 


Also * » one engine would have taken out 5,051,200, by 8 = 40,409,600 


Then = 105 days. 





cubic feet, ' 
Then ars : lakbs = 7°'8, say eight engines and lifts complete, to which add one 
spare engine to replace those under repair, 
Total eight lifts complete, at Rs. 52,569 each, gan ens oe «== | «4,20,552 
One spare engine, at Rs. 8,000, von ave aun ove oe == 8,100 
Cost of plant and erection, oe = 4,28,552 


Gi, 
Carried forward, ... 4,66,600 
VOL. 1V.-BECOND SERIES. 2a 
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The foregoing arguments are to prove that short inclines are preferable 
to long ones, and with the hope that the short inclines may have a further 
trial; but anless it can also be shown that it is the cheapest of any mode 
of excavation, the argument may result in nothing. Thus, excavation 
with the aid of a locomotive, has its advocates as the cheapest and 
quickest. As to the economy, I am unable to understand how it can 
be; for to raise a load a certain height can only be effected by a definite 
expenditure of power, and this the locomotive must have in common with 
a portable ; but to enable it to work, long inclines must be used, up which 
it also has to raise its own weight, gaining no advantage by its, and the 
empties descent, and the distance the wagons and engitie must travel must 
give proportional wear and tear, and since this is (supposing two miles of 
canal, which is considered the limit) 5,000 to 250, the wear and tear must 
be 20 times as great as on a short incline system. The expedition due 
to being able to use more powerful engines is its advantage, which can 
only be effected in portable engine lifts by increasing their number after 
the greatest safe speed of raising (I should say six miles an hour) has 
been attained. The speed at which the wagons are raised to effect 60,000 
cubic feet is under two miles an hour; so, if increased to four, and other 
arrangements made in excavating and tipping, twice 60,000 or 1,20,000 
could be raised, and this would be arranged for were it sanctioned. 


Rs, Ra, 
Brought forward, on ove eee eos 4,66,500 
Deduct recoverable— 
One-eighth items (foot note, page 173) 2 to 11 by 8 lifts 
43,120 x 8 8000 


u 








os igen -++ 8 ece eos oes see = $4,120 
Total chargeable to works, = $,84,432 
2 384432 
This gives a rate per 1,000 cubic feet of 315,700,000 cubic feet of Re. Yigvoo = 


Re. 1-3-4, say Re. 1-4 per 1,000 cnbic feet. 

Rejecting from Mr. Derry’s detail of labor on page 171, extra fillers, &c., required 
for the 60,000 instead of 48,000 cubic feet of work per diem, rate for labor 
&c., will be Rs. 2-4 per 1,000 cubic feet. This gives a total average rate for 
work performed by engine lift from 10 to 35 feet deep of Ra. 3-8 per 1,000 
cubic feet, which is probably slightly in excess of what the work can be 
done at. 


315,700,000 cubic feet, at Re. 3-8 per 1,000, 1. vse one are ove wae 11, 04,950 





Total of cost of labor and plant on 10 miles, oe «= 15,71,450 
Cost of the ab 471,200,000 cubic feet, at Re. 4-4 per 1,000 (page 173), ... = 90,02,600 





In favor of the engine lifts, ... 4,831,150 
R. H. 
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Report by Linus. J. Fo Miter, Assist. Hagineer, 2nd Division, Sirhind 


Canal. 
Dated 9th April, 1878. 


Experiment No. 5. Mr. Cheyne’s System.—An engine lift on 
the “long incline” system was erected at the 18th mile, for the purpose 
of taking out the excavation from 17th mile 3,500 to 18th mile 1,500, 
a length of 30 chains, The general arrangement of inclines is shown in 
Plate XX VIUI., from which will be seen that there is a considerable por- 
tion of work contained between the bottoms of inelines which would have 
to be taken out by “back handing.” During the time the lift was 
running, only that part of excavation in frout of the inclines was worked 


> 


on, so no data have been arrived at as to cost of work in “rake,” or best 
method of carrying it out. The total height to which earth was raised 
was 40°31 feet. 

The motive power was a 12 LH. P. portable engine by Ruston and Pree- 
tor of Leeds, running at 120 revolutions per minute, with a working 
pressure 55 tbs. per square inch in boiler. Power was transmitted to the 
winding machine by a seven-inch double vulcanized India rubber belt; 
the drum on engine shaft being the same diameter as that on machine 
counter shaft, viz., 3 feet. 

The rope used was of galvanized iron wire, 1g-inch circumference, 
This was wound on machine drums, and passed off them round angle wheels, 
(Plate XXIX.,) down the inclines, being supported at intervals of 10 feet 
by small rollers. Both winding drums and angle wheels were found too 
small in practice, causing damage to the rope by overbending it. The 
diameter of all drums and angle wheels used should not be less than 140 
times the diameter of the rope, according to Rankine. By this allowance, 
the drums and wheels should have been 5 feet 10 inches diameter. 

Wagons used carried 25 cubic feet; they were of the ordinary type 
adopted on the cana}. | 

Traverses.—The wheels of these were foumd to wear a great deal, 
owing to the tire being of small diameter, and having much ranning, a8 
there were too few traverses on the work for the number of wagons to be 
traversed. A good deal of wear also took place at the wooden axle boxes, 
allowing the traverse frame to fall below its proper level. These difficul- 
ties might be overcome by having the wheels cast with a chilled tire, and 
replacing the wooden tap box of axle bearing by a cast-ironone. In fact, 
it would be better if iron of suitable form were substituted for all wood 
hithartn emnloved in the frame. 


“puare xxvi 





=e 
i) 

~~ ae 
#3 
e 

+ me 


ie CROUND. 





» 


pentencee EXPERIMENTS ON THE SIRHIND CANAL. 1838 


Rails of various sections were used from “ T” rails of 28 Ibs. per yard, 
to “bridge” rails of @ little under 12 ths. per yard. The latter were 
found too light for the work. 

Sleepers of “kikar" (Acacia Arabica) and “phulghi” (Acacia Mo- 
desta) 45 x 4 x 4 inches laid at 3-5 feet intervals for the “TT” rails, 
and at 2 feet spaces for the light “ bridge” section. 

These sleepers were lasting and cheap; but being of such hard wood, it 
was impossible to drive the dog spikes into them without previously boring. 
- General Arrangements, (vide Plate XXVIII.)\—There are three sets of 
10 wagons each required for either incline. These are coloured red, green 
and blue. At the moment represented in the drawing, the trains marked 
@, a, a, on inclines on left hand side of drawing, are employed as follows:— 
The green train has just been run’into gullets z, x, by traverses, to be filled 
while train coloured blue is being hauled up the incline. On reaching 
the platform at top, and clearing the empties (coloured red) standing on 
& loop line, the latter train will be despatched down incline, and run on to 
the loop line, remaining there till green train, now filling, is made up on 
the main line. The blue train a, in the meantime would be at the tip 
heads. 

On incline on right hand side of drawing, a train of empties (blue 3) is 
running down to replace at the gullets the green train b, which is standing 
ready to ascend. At the same time the third (red) train of this series is 
getting tipped, and will be brought back empty on to the loop line ony the 
time the next train of fulls arrives from below. 

The portion of plan coloured pink shows the embankment which must 
be prepared previous to starting engine work. The dark portion is the 
cutting which has similarly to he prepared. 

_ Observations extended over a period of eight months, give a mean rate 
of Rs. 38-12-9 per 1,000 cubic feet for work performed by this engine in- 


cline. This rate includes pay of all workpeople employed; also engine 


charges for fuel, attendance and small stores. 


ADDENDA TO ABOVE. 

The eebiiest number of wagous raised in one day was 720, being due to: 

40 trains of 10 wagons each from one incline, and a like number of trains 

of eight wagons each from the other incline; eight wagons per train were 

employed on one side, owing to a paucity of rolling-stock. There were 

only eight traverses used on the whole system, ¢. ¢., two traverses at each 
VOL. IV,—-SKCOND S#RIES, 2B 
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line giving on to the gullets, and two at each line giving on to tip heads. 
Had there been three traverses at each of these points, there is little 
doubt the work would have been accelerated. 

The disposition of men was as follows :— 

5 men at each guilet getting and filling. 

4 ra traverse shunting wagons, 

1 man to each wagon of train who received it at top of incline, and ran it to | 
traverse line for distribution to tip heads. This party also brought back 
empties to head of incline and despatched them. 

men at each tip head, 
boy , » switch, 
»» t© ,, incline who rolls on train, and casts off rope. 
» 8t ,, signal post, of whom there were three ; that is, one in either 
pit, and one at top of bank in front of engine. 
men at winding machiue, working brakes, clutches and setting on rope to 
drums. 
boys greasing wagons, angle wheels, rollers and traverse bearings, 
Engine driver, 
Fireman. 
. Bhistis supplying water to engine and coolies, 
The mean quantity of hard wood-fuel consumed per diem was 14 
maunds, and of coal, 9 maunds. 
The percentages of various charges, making up the aggregate rate of 
Rs, 8-12-9 per 1,000 cubic feet, were as follow :-— 
i. Engine charges, including tending winding machine, .. 21°09 
ii. Plate-laying and petty repairs to rolling-stock, pay of 


~~ pt et bed 


em met pt OS 


signal and pointsmen and chaukidér, .. «. 13:56 
iit, Labor in getting, filling, ranning aud tipping ; dias pay of 
native gangers, * oe oe ee ee ee 65:35 


Total ee 10000 





The above was from results when coal was used, the proportionate cost 
of which, on the quantity burnt per diem, is to the cost of wood-fuel as 


18:5: 4-2. 
JPM. 


Report by Mason R. Home, R.E., Supdg. Engineer, Sirhind Canal. 
Doted Ind September, 1878. 
I propose briefly to review the results obtained by the experiments in 


the following order :— | 
1. Barrows on rails or plank roads, empties assisting to bring’ up 
fulls. ‘ | 
2. Revolving beam with buckets and barrows. 


ory 


PLATE XXIX. 


! EARTHWORK EXPERIMENTS ON SIRHIND CANAL. 
Expruiment No. 5—~—Mr. Cusyyr’s System. ; 
| a 
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8. 5-cubio-feet wagons on rails, empties assisting to bring up fulls, 
4. 25-cubic-feet wagons on rails brought to bank by stationary engine 
‘winding wire ropes on drums (Mr. Derry’s system). 

5. Similar to No. 4 (Mr. Cheyne’s system). 

No. 1. Barrows on rails or plank roade.—This is described in Mr. 
Derry’s report, as the first experiment to compete with the coolie and 
basket, I did not see it at work myself, but from Mr. Derry’s report, it 
appears that, with an endless rope passing round two grooved wheels of 
4 feet diameter, placed at the head and foot of the incline, both empty 
and full barrows being attached to swells on the rope, a strong man 
wheeling an empty barrow down the slope of 1 in 3, was able to bring 
up the fall barrow (which was guided by a man walking between the 
handles in the usual manner) with very satisfactory results. This method 
was abandoned— : 

lst. On account of the expense of planks required to make a smooth 

and permanent road. 

2nd. Because the ordinary coolie was not strong enough to manage a 

wheel-barrow in such a position. 

A modification of the above was tried, with a rail for road and a grooved 
wheel to the barrow; the wheel was also set askew, so that the man 
guiding, might walk clear of the rail, but with much the same result, 

Mr. Derry further states that, with a greater height of lift than 23 feet, 
the rope becomes unmanageable; and looking at the small quantity 
brought to bank by each barrow, it is evident that an enormous number of 
barrow rans, and consequently plant, would be necessary to make any 
impression on such a channel as the Sirhind Canal. 

For a dock or tank, or any excavation of 10 to 20 feet depth in wet 
or dry soil, where the area is of limited extent, and time an object, or 
labor very scarce, I have no doubt that either of the forms of barrow 
runs experimented on by Mr. Derry, might be advantageously em- 
ployed. 

No. 2. Revolving beam with bucket or barrows.—This system is des- 
cribed by Mr. Derry in his report, pages 152 and 158, at some length ; but, 
asin No. 1 Experiment, he has given no actual comparison of cost of labor 
and plant, with that of coolie and basket at similar 
depths, and for the same reason, I believe, in both cases, 
viz., that the failure of the experiment, on a large scale became apparent, 


Plate XXII 
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before the apparatus had been at work long enough to test its durability, 
and consequently the proportion of its cost due to the unit of work. ‘The 
plan, &c., fully elucidate the system, which may be shortly described as a 
framed beam pivoted by its centre at right angles to a support fixed 
in the ground at an angle of 45°. The beam has a hook or slings, and 
a swinging bar at either end. When a man is seated on the bar-at 
upper end of the beam, and the beam is set in motion, his weight causes 
a receptacle full of earth attached to the hook or slings at the lower 
end to change places with him; he then walks up the slope, and is ready 
for another trip. The vertical height to which the earth was raised by 
one of the beams experimented on was 15 feet. I never saw any ex- 
periments with two beams, as they were made before I returned from 
England; but with the single beam and barrow, the main difficulty 
apparently was to get a native heavy enough to counterbalance the load 
at the lower end of the beam. I can quite understand the difficulty ex- 
perienced by Mr. Derry in getting natives to shift a loaded skip weighing 
270 ths., or nearly 82 maunds from one frame to the other. 

The cost of the beams, &c., for one system of two beams for a 30-feet 
lift, would be— 


BS. 

Cost of two revolving beams, ... sas ees 90 
» intermediate beam for shifting skips, ies ses 

» four skips, ... os ove ons 20 

. two trollies for transporting skips, es oon eve 15 


Total cost of each revolving lift, ... _180 
In Mr. Derry’s final remarks, that this plan might be economically used 
in raising water to a height of, say, 15 feet, for irrigation purposes, 
I quite concur. 

No. 3. Wagons of 5-cubic-feet contents, empties assisting to bring 
up fulls—This system described by Mr. Derry so 
fully, that it leaves me little to say on the subject. It 
was first of all tried on the 17th mile at Khirri, under Mr. Derry’s per- 
sonal supervision, and succeeded so well, that it is now being worked on 
amore extended scale at the Raipur hill in the 12th mile, where the 
peculiar circumstances of the ground render the use of mechanical appli- 


Plate XXIV. 


ances advisable. 

| The wagons used are of 5-cubic-feet contents, but in reality hold 4:5 
cubic feet of earth measured in the solid; they are made of wood with 
cast-iron wheels of 1-25 feet diameter, which run on a light railway of 
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1:50 gauge in each incline. There are two lines of rail on a slope of 1 
in 8, and 5 fest apart centre to centre. A wheel of 5 feet diameter, 
pivoted ona post at the head of the slope, in such a position as to have 
its surface parallel to the plane of the rails, carries in @ groove a wire 
rope, to one end of which is attached an empty wagon at the top on one 
line of rail, and to the other a full wagon at the bottom of the slopa on 
the other road; these men applying their weight and powers, push down 
the empty, and bring up the full wagon. A 6-throw turn-table of 
cast-iron is placed clear of the top and bottom of the slope, and by their 
means, the wagons are turned in the desired direction, either on bank or 
in bed. Mr. Derry states that he has actually raised 800 wagons (3,600 
cubic feet) a total height of 40 feet with his apparatus in a day of 10 
hours; and has worked at the rate of 1,200 wagons (35,400 euhic feet), or 
two wagons per minute; the usual rate of working with ordinary men at 
this depth appears, however, to be one wagon per minute, or 600 wagons 
per day (2,700 cubic feet). 

On page 157, Mr. Derry speaks of the advantages to be derived by the 
use of steam to drive the wheel at the head of the slope; if any power 
were to be employed for that purpose, I would recommend bullock-power 
in place of steam. By increasing the number of bullocks, an amount of 
power could be obtained sufficient to drive the wheel with the load of one 
wagon, or even two, at any speed compatible with safety, and with these 
advantages over steam— 

1st. The iirst cost of a hullock-wheel is lees than that of an engine. 

2nd. That if a bullock is disabled, it is easjly replaced, whilst if the 

engine gets out of order, the work is stopped until the neces- 
sary repairs are executed. 

On the work at present in hand at the Raipur hill, where the ground 
requires that all the spoil should be thrown on one bank, and the position 
of the village of Riipur renders the lead on bank exceptionably long, the 
5-cubic-feet wagons have been economised, by using 25-cubic-feet wa- 
gons on the bank into which the smaller wagons tip when they arrive at 
the head of the slope. As two men can easily push a loaded 25-cubic- 
feet wagon on a moderate slope (of, say, 1 in 200) to the tip head, and 
there are plenty of these wagons in store, this method economises both, 
labor and materials. 

The following statements from Mr. Hammer (Eaec. Engineer)—em- 


188 EARTHWORK EXPERIMENTS ON THE GIRHIND CANAL. 


' bodying farther information,—give detaila on the subject of cost. ‘The firat 
statement shows the cost of raising earth 52 feet at Khirri, by 5-cubic-feet 
- ‘wagons alone, and the second ig a statement of cost of work performed by 
combined 25-cubic-feet and 5-cubic-feet wagons on the 22-feet lift at 
Réipar hill; cost of the plant is derived from the registers of the Divi- 
sion—its life is necessarily in part estimated; labor and repairs are 
obtained from the daily reports; and the statements give, I believe, as 
accurate information of the cost of the work ag can be obtained. A com- 
parison of these two statements shows, as might be expected, that the 
system works better with longer lead, and that the employment of the 
larger wagons for the long lead on spoil is a decided saving. — 

I agree with Mr. Derry in his opinion, that this system is not suited 
for extended application. At Raipur, the ground was found to be too 
cramped to admit of the employment of the locomotive tram, which we 
first thought of using, and the system now at work seems eminently 
suited to this short piece of heavy excavation. On a length of several 
miles, the multiplication of plant, and of its repairs, together with the 
careful supervision required to keep both plant and roads in good order, 

and the excavation systematically performed, would be a bar to its use in 
India under ordinary circumstances. 

No. 4. 25-cubic-feet wagons on rails brought to bank by stationary 
engine (Mr, Derry’s system).—As this system has from first to last 
been elaborated by Mr. Derry, and the experiment carried out under 

Plates XXv., his personal supervision, nothing would be gained by 
EXVL,XXVU. my going into detaile of construction, &c., which are 
fully set forth in the original report. 

I have stated in the foot notes, the points on which I differ with Mr. 
Derry, and have corrected what appeared to be mistakes, and supplied 
omissions. 

The Plates show the system better than any written description. Thé 
reasons for preferring it to the long inclines, which were proposed in the 
report on the estimate for the Sirhind Canal, and of which No. 5 Experi- 
ment is a modification, are fully detailed by Mr. Derry, and I concur in | 
the advantages which he claims for it. 

The difficulties encountered in elaborating the system have been nu- | 
merous, and the alterations of the plant and roads which they necessitated 
have been tedious and expensive. 1 think that Mr. Derry’s description 
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{page 167, et seg.) of the entire system, as he would propose to erect it, after _ 
the experience gained on the lift at Khirri, is sound and goed, and that 
all the weak points of the experimental lift have been met and remedied. 
The more powerful engine, the iron wagons of less capability and with 
larger wheels, the narrower gauge and cast-iron turn-tables, are all deci- 
ded improvements; but I do not think that there will be any necessity 
with the narrower gauge to double the line on the slopes, as the wagons 
will not have the same tendency to run off the line at the crossings as 
they had with the broad gauge. The present experiments were carried 
out with rails of all sections and weights; the turn-tables were, many of 
them, roughly made; the wagons originally designed for the long incline 
system were not stiff enough in the framing for the steep inclines; there 
was no proper apparatus for bending the rails; the alterations in the 
drums, pulleys, &c., were made so as to utilize the materials at hand, and 
were therefore necessarily imperfect; the wire rope, manufactured in this 
country, was not as good as was expected; and the engine was not power- 
ful enough for the work, so it is not to be wondered at if the results ob- 
tained did not quite answer expectation; but I have little doubt that, 
under suitable conditions of depth of excavation and magnitude of opera- 
tions with plant manufactured for the purpose in England, good and 
economical results would be obtained from the employment of this system 
of engine lift. 

In the foot note, page 170, I have expressed my doubt of the results 
which Mr. Derry expects to obtain with a perfect system, for the follow- 
ing reasons:—The number of wagons raised with the four inclines at 
Khirri, was eight in four minutes, when everything was working smooth- 
ly and well; with the full system of eight inclines, the number of wagons 
would, of course, be doubled, giving four wagons in one minute. 

Mr. Derry, on page 170, bases his calculations on an estimate of four 
@magzons in three-fourths of a minute, hoping, as I suppose, to obtain this 
favorable result from the greater speed of the more powerful engine, and 
also as an average for the three lifts; but I would submit that where 
more inclines are at work, the chances of delay are increased. I therefore 
think; that it would be advisable to put the greater speed of haulage, &c., 
against the increased chances of delay, and to adhere to the results already 
_ obtained of four wagons in one minute. This reduces the number of wa- 
gons raised per day of 10 hours to 2,400, and the cubic feet to 48,000, 
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I have shown on page 175, how this reduced out-turn of work will affect the 
comparison of engine and coolie work in the 10 miles length of canal on | 
which Mr. Derry bas exemplified the advantages to be epeeines by the use 
of his system. 

Mr. Derry has appended to his report tabular statements, dove the 
cost and quantity of work performed by his experimental lift during the 
months, when it may be said to have been in full operation, and has com- 
mented on the results obtained in page 178; the whole gives a pais of 
the experiment, which requires no comment. 

No. 5. 25-cubic-feet wagons on rails brought to bank by stationary 
engine winding wire ropes on drums (Mr. Cheyne’s aystem).—A report is 
appended with drawings, by Lieut. J. F. Miller, Assistant Engineer, 
2nd Division, Sirhind Canal, who was in charge of the experiment in 
this Division. The system is a modification by Mr. Cheyne of that pro- 
posed in the report on the estimate for the canal. It was supposed on 
farther consideration, that the original system would fail in working for 
the following reasons :— | 

lst. The curves were too sharp for the wagons to run round with 

safety. i 

2nd. The wagons linked together in front of the working face, were in 

an unfavorable position for filling. 

8rd. The difficulty of moving the rail in front of the working face 

forward by slewing, on account of its oblique position, and the 
curves of which it was composed. 

"ath. The difficulty of lengthening the rope as the work advanced fur- 

ther from the foot of the incline. 

There may have been other reasons with which I am not acquainted, as 
the scheme was abandoned during my absence from the canal. 

The drawings and explanation given by Lieut. Miller, sufficiently 
elucidate the working of the system, and the postscript which he has apg 
pended, gives an average of Rs. 3-12-9 per 1,000 cubic feet of the * 4 
performed by it. Doubtless, daring the time that this system was at 

work, many hindrances ovcurred, which raised the rate of the work; and 
I think that, taking these into consideration, Rs, 3 per 1,000 cubic feet, 
may be extimated as a fair working rate for labor and sundries and petty 
repairs, Ihave not gone into the question of cost of plant for this sys- 
tem, as its chances of success appeared small for the reasons stated further 
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on; but the plant is at least as costly as that required for Mr. Derry’s 
system. The work performed was only the straightforward work beyond. 
the foot of the inclines; and at the time when the experiment was stopped: 
I had under consideration two or three different plans for taking out the 

excavation between the feet of the inclines, none of which appeared to me 
satisfactory, nor did I see how the earth could be removed without great 
waste, both of time and money. This is, in fact, the great blot in the 

system. A 

The point which appears most worthy of remark in the working of the 

system, is the use of traverse carriages running on lines sunk below the 
level of the tramways. These traverse lines and carriages supplied the 
place of turn-tables, and, although roughly made, they did their work sa- 
tisfactorily, They would appear to be suitable for work on the spoil, 
where the sunk traverse lines could be easily drained, but not fit for em- 
ployment in the pit, where in wet weather they would of necessity be under 
water. I think that great praise is due tu Lieut. Miller for the care 
and intelligence with which he supervised this experiment, whilst he was 
at the same time in charge of a considerable length of very heavy excava- 
tion crowded with famine laborers. | 
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Sraremenr No, 1. 


Statement showing cost of 1,000 cubic feet of earth put-to spoil by 8-cubicfeet wagons 
on a single incline at Khirri in 17th mile ; depth of digging 855 feet; height of spoii 17-0 
feet ; total lift 52°65 feet ; extreme lead on spoil 850 feet ; ditto in ded 150 feet ; length of in- 
cline 170 feet ; number of wagons raised per diem 365, each wagon containing 46 cubie 
Seat of solid excavation ; brought to spoil per day 2,542 cubic feet for 25 re in the month ; 
sow, sand. 

















Description weight | Bate | Per | Cost. na cubio Remarks. 
RS. A. P. RS. |A.(P.| BS. AJP 
PLANT. 
Lhfe three years. 
Cast-iron turn-tables, .. 91 69 0 0| Each, 138; 0! 0 Mr. Hammer states 
Rails (12 Tha), ,.(Mds. 128} 8 0 0; Md. | 984! 0 bgt reonel iy gl 
5-cubic-feet wagons, .. 14| 63 0 0| Each.| 882} 0] 0 tract for Re. & per 1,000 
Shovels and picks, .. 16) ee a 50} 0) 0 cubic feet ; but I am of 
SS be ne pinion that the man 
Life to years. eran 
Wheel for rope, oe 1{ 15 0 0} Each 15] 0| 0 go tothe ist Division. 
Life one year. 
Preparin und, &c.,..(L. F. 250) 13 0 0} 100) 382) 8 0 
Sleepers, "| No. 418] 020] Each, 52! 4] 0 
Laying road, (kL, F, 250) 15 0 0} + =100; 87) 8 0 
Life two months 
Wire rope, » 20011500) 100, 80) 0 0 
Labor 
Getting, a oe Day., 1/7 
Raising, te lowe | BUD 
Ti ping, eo oe ee 15 
M r] mate, &ec , oe oe . ] 3 
Repairs oe : Diem. 910 0 


The rates for labor 
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Sratement No. 2. 


Statement eis coat of 1,000 oubdic feet of earth put to spoil by the system of inclines, 
worked with §-cubicfect wagons in bed on slope ; and 25-oubie-feet foagons on spoil at 
Raipur in the 13th mile ; total lift 22 feet ; lead on spoil 650 feet ; ditto in bed 200 feet ; 
length of inoline 80 feet ; four inclines are served by one double line with four tips on bank, 
qhe quantitics are reduced to the unit of one incline, on which 610 b cubic feet wagons, or 
2,750 cubte feet of carth, are brought to bank per diem for 25 days per month. 











Oost 
Description. ghee Rate. | Per Cost. Re 8 enble ee 
BS. A. P. BS. jA.| P.| BS, |A.IP. | 
PLANT. 
Life three years. 
arr =) lad ee M 2 69 0 : ee eels The aa Teas 
Rails (12 -./Mds, 135} 8 0 “4 on pur 
5-cubjc-feet wagons, ee 12) 63 0 0 oe |s sd Una with Che len sa 
25-cubic-feet wagons, .. 2) 95 0 0 ts bank and in bed, it 
Shovels, picks, &c., .. 16] oe 0/14) dlis likely that the sys- 
now employed 
eee ae | | anne | orf Chere will pay. 
Life two years. 
Wheel for rope, ee ] 18 0 0 Each 0 0 2 Mr. Derry in his re- 


Life one year. 


Preparing ground, &., |L. F. 150| 13 0 0 octal oe 
Sleepers” ” 41 No. 820, 0 20 PN aaah 
Do. > 132) 040 oe jostes 
Laying road, (Le B, 550 15 00 0} 3) 5 
Life two months, mie 
Wire rope, iL. F, 100] 15 0 0 0} 1) 9} There is no bonus 
—_ _ ystems on this work. 
Labor. 
On inclines and in bed, 
per day, ee ee ee ee thee 
On spoil, per day, es es oe ee fee 
' Mistri »mate, &c., per day ee ee eo feel. 
repairs, &c., perday, ee 
The rates of labor are— 
Men Ist class, 0-4-0, ve 
» Sod ,, O86, .. 
Boya, 0-8-0, . 





Total cost of 1,000 cubic 
feet, 


oe ee oe 


4/9) 9 








R. H. 
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- Memorandum by Cou. J. Crorton, R.E., Chief Engineer, sak haata Works, 
ee 
Camp, 27th eases 1874. 

- Seven different systems of working with mechanical eae have 
now been tried, viz. :— 

No. 1. Barrows running on rails or planks laid on inclined road. 

No. 2. Revolving beam with wooden buckets, skips, or barrows. Spoil 

ran out by small wagons or barrows. 

No. 8. Wagons of 5-cubic-feet capacity on rails laid on ineline. 
Empties assisting to bring up the full wagons. . 

No. 4. Wagons of 25-cubic-feet capacity on rails laid on steep incline, 
drawn up to top of spoil bank by rope round a drum 
worked by stationary steam engine. Spoil spread by same 
wagons on rails. (Mr. Derry’s system). 

No. 5. Combination of Nos. 3 and 4, but without steam engine. 
Spoil raised to top of spoil bank by 5-cubic-feet wagons, 
tipped into 25-cubic-feet wagons, by which it is run out 
and distributed. 

No. 6. Similar to No. 4, but on long incline. (Mr. Cheyne’e system). 

No. 7. Wagons on rails on long incline drawn by locomotive engine. 

Nos. 5 and 7 are now in operation, the rest having been abandoned 
for reasons given in the papers appended. 

The following is a brief summary of the several modes of working and 
the results. 

No. 1. An endless rope was passed round two grooved wheels fixed, 
one at the top, the other at the foot of an incline of 1 in 8. On this 
rope were swells or knots at intervals, to which, on one side full barrows, 
on the other empty barrows, were attached, running at first on a planked 
road; the barrows were guided by men; a strong coolie wheeling an 
empty barrow down being able to bring up a full one. 

This system was abandoned— 

let. On account of the cost of planking the road for the barrows. 

2nd. Because the ordinary native workmen were not strong enough to 

manage barrows either on the planked road, or on rail (in 
which case the barrow wheels were grooved). 

8rd, On account of the quantity of plant caeees for a work of such 

magnitude as this canal. 
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"+ Ona lesa extensive work, where it would not be necessary to'‘shift the 
roads so constantly, the system would probably give economical results, 

The experience gained showed, that with a greater lift than 23 feet, the 
rope became unmanageable. | 

Cost of working on this system is not given. 3 

No.2. <A beam 22 feet long revolved on a pivot fixed in an incline 
of lin 1. A bucket, barrow, or skip, fall of earth was attached to the 
lower end, and at the upper an empty skip and man standing on a cross bgr 
(represented in Plate XXIII.), overbalanced the full skip, thus causing 
the beam to revolve, and raising the latter to a height of about 15 feet. 

This was abandoned, on account of the difficulty of getting a native of 
sufficient weight to overbalance the beam, and also the inapplicability of 
the method to work on a large scale, or where the lift was greater than 
15 feet. 

No detail of cost of working is given, as the system was soon abandoned. 

No. 3. Wagons of 5-cubic-feet capacity on cast-iron wheels 14 feet 
diameter, running on railway of 14 feet gauge, were attached to a rope, 
on an incline of 1 in 8, passing round a drum fixed at top of the slope, as 
represented in Plate XXIV., the empty wagons pushed down by coolies 
bringing up the full ones. 

This system gave very fair results, where the extent of work was not 
great as happened to be the case where it was tried. 

Instead of employing men in moving the wagons on the ineline, it is 
suggested that steam or other power applied to turn the wheel at the top 
of the incline, round which, and a drum at the foot, an endless rope 
would pass to which the wagons could be attached, would give more 
economical results. 

Major Home gives the cost of working by this method, including share 
of plant, &c., as Rs. 5-2-10 per 1,000 cubic feet, where— 

Total lift was ... sue = nen wee wee wees DG fle, 

Total length of lead ... see nen wee ioe CEL 
His figures are taken from the schedules of actual expenditare on the 
work, The labor from the day-books, and the cost of plant as made up 
in the Canal shops, or purchased as shown by the “ Register of Works; ”’. 
the length of time each description of plant is likely to last is estimated, 
This syatem was worked out with great care by Mr. Derry, as will be seen 
by the detailed reports. His improvements in the appliances, especially 
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the cast iron turn-tables, have tended sere to the success of the 
experiment. 

It is not, however, suited to any very great Jength of excavation, on 
account of the constant transfer of rails and machines as the work 
progresses. | 

No. 4. In this system, wagons of 25-cubic-feet capacity were drawn 
up an incline of 1 in 23, by wire rope on a drum worked by a stationary 
steam engine. This also was worked out from first to last with great 
care by Mr. Derry, and numerous improvements introduced as suggested 
by experience during the course of the trial, but owing to want of proper 
plant, the system has not had a fair trial. I quite agree with Major 
Home, in thinking that with mechanical appliances specially made up for 
the purpose, and under suitable conditions of depth of excavation, and 
extent of work, this system would give very good results; better, so far as 
the experience on this Canal goes, than those obtainable on the long 
incline system described below as Experiment No. 6. 

The monthly abstracts of expenditure appended to Mr. Derry's report, 
give the actual cost of working by this method, not including share of 
original cost of plant. 

For the following months, the averages per 1,000 cubic feet, for a lift 
of 50 feet, aad a lead of about 500 feet, were— 


RS, AS. P 
November, 1872, .. we i os or o 41 4 
December 99 oe oe ee ee ee « 8 6 6 
January, 18738, .. oe oe os o- . 8 4 5 
February ,, ee oe oe ee oe » S18 4 
March ” oe oe oe oe es ee £65 0 
April ‘é os oe os oe oe -» 812 0 


‘These rates of course are much higher than would have been the case 
with proper plant, and the appliances which experience proved to be 
necessary. 

No. 5. The spoil in this experiment was raised to top of bank by the 
5-cubic-feet wagons, as described in No. 3, and tipped into 25-cubic-feet 
wagons, by which it was distributed on the spoil bank. This was found 
to be the most economical mode where the lead was long, and is still 
in operation with very satisfactory results on the only remaining’ piece 
of deep cutting in the 2nd Division of the canal. Steam power is is not 
‘employed, men only being employed in moving the wagous. | 
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' Major Home gives a, statement of results.calculated, as in experiment 


No. 8, from the actual expenditure, and the cost of the plant— - 


The total lift was ea os os ee 22 feet, . 
Total length of lead oe + 927 ,, 


The average rate per 1,000 cubic feet she: obtained was Rs. 4-9-9. 

No. 6. Wagons and motive power same as in No. 4, but the slope of 
the incline 1 in 20. It was a modification by Mr. Cheyne, then Exec- 
utive Engineer of the Ist Division, of the system proposed in the original 
estimate for the Canal. It was worked in the 2nd Division also, alongside 
the steep incline system elaborated by Mr. Derry. Lieut. Miller, the 
Assistant Engineer in charge of the experiment, gives the details, which 
were worked out by him with great care, ‘The lift in this case was 40 
feet, and the expenditure during eight months on Jabor and sundries, not 
including share of plant, averaged Rs. 3-12-9 per 1,000 cubic feet. 

‘Similar difficulties as in experiment No. 4 were experienced in the want 
of proper appliances, and, on the whole, it does not seem to have been 
so successful as No. 4. 

One objection to it is the difficulty of removing the earth between the 
feet of the inclines. 

One peculiar feature in the system introduced by Lieut. Miller, was 
the use of traverse carriages and lines of rail instead of turn-tables. On 
the spoil banks where accumulations of drainage water could be carried 
off, the traverse system answers well, but is not suited to the bed of the 
channel, where the water, which collects in every hollow after a heavy fall 
of rain, cannot easily be run off. 

An experiment on this system in the Ist Division, where it was carried 
out by Mr. Cheyne himself, is alluded to by Major Home. It seems to 
have failed there, chiefly on account of the height at which the spring- 
level stood, and the difficulty of carrying off this water, the drainage cuts 
for unwatering the excavation not having been then completed. The 
portion on which this trial was made, will be taken out by locomotive and 
wagons. 

One or two other methods, not alluded to in the foregoing papers, 
were tried by Mr. Cheyne in the lst Division, but were abandoned after 
s short experience, the results proving clearly that they were unsuited to 
the work, 

In one. experiment, the spoil was raised from the. excavation. to the 
ground Jovel in akips, containing one cubic foot, by « balance beam, similar 
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to that in common use for raising water (“ dhenkli”), these were emptied 
into small wagons running on a narrow gauge railway, and pushed out to 
bank by men. , 

Wagons on incline drawn by horses were also tried, but did not snswer. 

No.7. This system had only been started shortly before the date 
of Major Home’s report. The results ‘will be communicated as soon as 
sufficient time has elapsed to admit of a fair judgment being formed. 
The gauge of the tram roads is the same as that of the railway along the 
canal, so that all rolling stock can be uged on either one or the other. I 
saw it working on the excavation near the head in November last, and 
again a few days ago. It is intended to apply it to the excavation of the 
first two miles of the canal, and here it bids fair to be the best and most 
economical mode of working. 

This report would be incomplete without a comparison of the rates of 
excavation by ordinary manual labor, which are as follow :— 

When Mr. Derry commenced his experiments with mechanical appli- 
ances in the 2nd Division, (comprising the section from the 12th to 393th 
rile inclusive,) the actual contract rates were — 

For a a — feet |... Re. 2-4-0 per 1,000 cubic feet. 


For Lead 200 
Lift : 45 : eee 8 see ” 5-8-0 ” ” ) 


Yn the deep excavation at Raipur in the 12th mile, where the mecha- 
nical system No. 5 described above, is at work, excavation is also now 
being done on contract by manual labor at the following rates :-— 


For Lift of about 33 feet ; 
Ieadof , 318 , f “" °* Rs. 4 per 1,000 cubic feet. 


For Lift of ,, 48 ,, 
Leadof ,, 400 ,, 


The rates obtained from the working of the mechanical arrangements, 
(Experiments 3 and 5,) it will be seen compare very favorably with these. 

It has been found, by experience on this Canal, that the increase of 
rate for 1 foot of lift is equivalent to that for 6 feet of lead. 

One reason is, I think clearly taught by these experiments, that where 
mechanical appliances are to be used for excavation, it is very false econo- 
my to employ make-shifts. The plant should be designed and specially 
_manafsctared for the purpose. The engine lifts especially (Experiments 4 

and 6) as stated above, never had a fair chance of succeeding, owing to | 
the want of properly made machinery and appliances. 


one eee ” & 99 » ” 


J. O. | 
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‘DELHI MEMORIAL MONUMENT. 
[ Vide Photograph, and Plates XXX., XXXI. and XXXIL] 


By E, J. Martin, Esq., M.L.C.E. and A.R.I.B.A. Exec. Engineer. 


As far back as 1859, a Committee was formed, composed of several 
of the Officers who were engaged in the Siege and Storming of Delhi, for 
the purpose of raising funds in India for the erection of a suitable Monu- 
ment to the Memory of the British and Native Troops of the Delhi 
Field Force, who were killed in action, or died of wounds or disease 
during the siege operations, which, together with the minor actions 
fought, extended from the 30th May to the 20th September, 1857. 

Competitive designs were invited, and several sets of plans were sub- 
mitted. The Committee appointed to adjudicate upon the merits of the 
different designs awarded the premium to Mr, Edward J. Martin, at pre- 
sent Executive Engineer, Special Division, Tirhoot State Railway. Es- 
tithates were called for to accompany the designs, and the total cost of. 
the work was not to exceed Rs 12,000. 

As frequently happens in such cases, the Committee were of opinion that 
none of the designs submitted complied fully with the requirements of the. 
competition, and ordered some alterations to be made in the selected design. 

These modifications consisted of — | 

> (a) “The extension of the basement on plan, from a width of about. 
"45 feet to s width of 80 feet, and an increase in its height 
aracks -. from about 3 feet to nearly 20 feet. | 
O43 ae 10. provision of a vaulted octagonal chamber in the lower story 
ae with a cenotaph in the middle to contain special tableta. 
= ‘The idorensed dimensions proposed involved an addition of over 100, 000 
"won. T¥—BROOND KERIES, ad 





20000~— DELHI MEMORIAL MONUMENT, 


cubic feet in the gross content of masonry in the basement alone : and,” v 


in order to assimilate the main shaft to the enlarged basement, and to ° . 
jprovide room for the lower chamber and cenotaph, its size had to be. © 
considerably increased—the area of the lower portion from about 140 to. 
670 euperficial feet, and the height above basement, from 60 feet to over. 


100 feet. It is, therefore, clear that the altered design, owing to the 
large increase in the quantity of work could not possibly have been 
carried out on the original estimate. 

The estimated cost of the premiated design was Rs. 13,000, while that 
of the niodified design amounted to over Rs, 40,000. | 

The work was commenced in February 1862, (the Committee a 
at the time in hopes of obtaining sufficient money by private contribution 
for the completion of the building,) and had to be suspended, for want 
of funds, in January 1863, the work actually executed being the con- 
struction of the enlarged basement, and the collection of sufficient sand 
stone, and other materials, to complete the monument. 

A representation of the condition of the Memorial Fund was made by 
the Committee to his Excellency the Viceroy (Lord Lawrence), and a 
grant of money for the completion of the building was solicited. The 
Government of India promised to give a sum of Rs. 25,000 to aid in 
finishing the building, on an appropriate and approved design. 

The author of the original premiated design was called upon to pre- 
pare fresh designs and estimate that should comply with the requirements 
of the Government of India. 

The difficulty of adapting a superstructure costing a reasonable sum, 
‘to the extensive basement already constructed was admitted by the Su- 
preme Government, and the design here illustrated was sanctioned by the 
- Governor General, and has been completed well within the money limit — 

assigned. - 

The monument has been erected near the end of the famous Delhi 
 yidge, on an elevated and commanding site overlooking the Grand Trunk © 
_. Road to Karnaul and Amballa, and on the spot occupied by the advanced . 
.. Yight battery during the siege. It consieta of a Gothic octagonal tower, 
Ba dn the early English style of architecture, surmounted by a large white 
_. fiiarble cross; there is @ spiral staircase in the middle loading. to a small 

: chamber on top, from which an excellent view of Delbi and its environs. 
‘is obtained, The tower is constracted of cut nie with — 
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hearting ; the whole of the carved and moulded work having been execut- 
ed by Delhi workmen, from soapstone models prepared by the architect. 
The basement is of coursed rubble masonry, with chiselled sandstone 


steps and quoins. . 
In the lower storey, the outer panels are filled with white marble 


tablets for inscriptions, divided by transéms and mullions, thus making each 
recess into one large and two small tablets; the latter are reserved for 
the names of the Officers of the Delhi Field Force who were killed in- 
action or died of wounds, and other causes, during the siege operations ; 
and the large tablets, commencing at the right hand side of the doorway, 
and working round the building, are allotted to the inscriptions as given in 
detail in the following lists :— 


ne aero 


No. 1. 
Tascription setting forth the object of the Memorval. 
IN MEMORY 
OF THE 
OFFICERS AND SOLDIERS, BRITISH AND NATIVE, 
OF THE DELHI FIELD FOKCB, 
WHO WERE KILLED IN ACTION, OR DIED 
OF WOUNDS OR DISEASE, 
BETWEEN SOTH MAY AND 20TH SEPTEMBER, 1857. 
THIS MONUMENT HAS BEEN ERECTED 
BY THE COMRADES WHO LAMENT THEIR LOSS, 


AND BY THE GOVERNMENT THEY SERVED SO WELL. 





Brigadier-General J. Nicholson, Com- { Col. C. Chester, Adjt.-Genrl. of the Army. 
manding 4th Infantry Brigade. Captain C. W. Russell, 54th Native Infan« 
try, Orderly Officer. 
Captain J. W. Delamain, 56th Native In- 
faniry, Orderly Officer. 
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No. 2. 


List of Regiments present at the siege of Dethi, between 80th May and 
20th September, 1857. ‘ 


Head-quarters, lst Brigade, Horse Artillery. 
Ist, 2nd, 8rd, 4th and 5th Troops, Horse Artillery. 
Head-quarters, 3rd Brigade, Horse Artillery. 
2nd and 8rd Troops, 3rd Brigade, Horse Artillery. 
$rd Company, lst Battalion, Foot Artillery. 
$rd Company, 8rd Battalion, Foot Artillery. 

Ist, 2nd and 4th Companies, 4th Battalion, Foot Artillery. 
Fead-quarters, 6th Battalion, Foot Artillery. 
4th Company, 6th Battalion, Foot Artillery. 
Ist, 2nd and 8rd Companies, Sikh Artillery. 

Detachment of Artillery Recruits. 
Engineers. 
6th Dragoon Guards. 
9th Lancers. 
4th Irregular Cavalry. 
Ist Punjab Cavalry. 
2nd Punjab Cavalry. 
5th Punjab Cavalry. 
Hodson’s Horse. 
H. M.’s 8th Foot. 
H. M.’s 52nd Light Infantry. 
H. M.’s 60th Rifles. 
H. M.’s 61st Foot. 
H. M.’s 75th Foot. 
ist Bengal Fusiliers. 
2nd Bengal Fusiliers, 
Sirmoor Battalion. 
Kumaon Battalion, 
Guide Corps. 
4th Sikh Infantry. 
1st Punjab Infantry, 
2nd Punjab Infantry. 
4th Punjab Infantry, 
Belooch Battalion. 
Pioneers—unarmed. 





Captain R. C. Fagan, Artillery. Lientenant F. 8. Tandy, Enginecrs. 
Lientenant EH. H. Hildebrand, Artillery. ” P, Salkeld, is 
n H. G. Perkius, is 9 E., Jones, ” 
» 1. ¥E. Dickens, _ Captain F. M., Greensill, BH. M.’s 24th 
Foot, Assistant Field Enginper. 
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No. 8. 


List of Actions fought at or near Delhi, by the Delhi Force from 80th 
May to 20th September, 1857. 
Battle of the Hindan «4... ten, nue ots wee May 307 
i Ghazeeoodeennugur Sad 6 ctwaeh - be. gg. “OR 


a Badlee Serai aaa oes aie oe dune 8 

Affairs at Hindoo Rao’s swe nas a ee ee 
¥ ‘5 ies oe “xe seer gy: 0 ps 

oe gs uae --4, SED 


Attacks on the Flag Staff Tower and Subzee Mundee... ,, 12 
ra Metcalfe Picquet _... ove es Sis: . ap ke 


Action of Kissen Gunge ne ee ae ee & 5 
Attacks on British Camp sey vas ine coe = gg ss 1 & 20. 
Action of the Subzec Mundee ees ‘ae er | S29 
Attack on . a“ in vee ‘as pe 

is se ans axe at ove gy SO 
Action of Alipoor ioe nee “te wo. July 4 
Attack on British Camp bes ove ane oo = 869, 9 


Actions of the Subzec Mundec .. ase nae we ogg:)=— 14 & 18, 
Affair of Trevelyan Gunge van se ees see gy 20 


Action at Metcalfe House ies ie ‘ae ose = ogy 28 

ss Kissen Gunge wae oes vee . Aug. 1 

»  Koodsea Bagh des ave vee se 35 42 

Battle of Najaf Gurh ‘ie (oe ae ete «Gi 28 
THE SIEGE. 


No. 1 Battery, made and armed ... aa sys eo. Sept, 7 


No. 2 Breaching Battery, made and armed __is«.. ~- =6=—h loys 8 9 & 10, 
No. 8 Breaching Battery, ” ons oe )=3SO ogy «10 & ILL 
No. 4 Mortar Battery ”» eee oe )=S gg SC 10 & 1D. 
No. & ” ” eee soe) gy 10 & 11. 
Breaching and Bombardment ee wee gy 12818 
Storming of Delhi see eco tet oe 60g 
Capture of Magazine a; a ee a? aes ( 


” of the Palace eve ee eee oe% eee » 19 
City finally evacuated by the enemy =o wee owe ooo og 20 ‘ 





Assistant Surgeon 8. Moore, 6th Dra- | Lieutenant W. H. Monntsteven, H, M.’s 
goon Guards, 8th, The King’s Regiment. 

Lieutenant-Colonel R. A. Yule, 9th Lan- | Lieutenant J. H. Bradshaw, .. M.'s 52nd 
cers. Light Infantry. 

Lientenant W. W. Pogson and W.R, | Captain F. Andrews and Ensign W. H. 
Webb, H, M.’s 8th, The King’s Regi- {  Napicr, H. M.’s 60th Royal Riffes. 
meng, 
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| Return of Casualties in the Dethi Field Force, from the 80th Mey to the 
_ 28th September, 1857. , 





















E KILLED, | " WOUNDED. MISSING Fs 
qs N. C. Nc f A 
Sg [osricans | O*733588] ormcans|X.0,0%miauns| orvicene| 
as BOLDIERS, SOLDIERS q 
Bx 
33 |: i i g 
eltla tielblel by] a |blela 
° a 1 
eelelzlelelejei a ie [alayé 
Staff ae ee 4 ee 9 os ee ee ee 18 
Artillery ..| 1350] 4] 1/43{/26]23] 1] 216 .| 27 365 
' Engineers ..{ 7227 3] 2] 4) 34719) 1 6 «| OF 188 
‘6th Dragoon 
Guards ..]/ 123] 1]. 18}. 2/. 9 eae ieee 80 
9th Lancers..| 391 1]... | 26] .. 2; 1 64 ow f oe § 98 
4th Irregular 
Cavalry o* 78 ae ee ee oe e ee ae se oe 3 
Ist Punjab 
Cavalry o¢ 147 ee se a6 ] 1 ae ee ee ee 7 
2nd ditto ee 114 ee ee os oe ee ee ee e ea 8 
&th ditto ve 107 ee ae ee ae ee J aa ee ee 4 
Hodson’s 
Horse ..}| 462 47 .. | oo | oe | oe 1 5 ce ser! Ss ll 
H. M.'s 8th . 
Foot --| 822% 383i... 4411. 74 sa 129 ae eo 180 
eo &2nd 
ight Infy.;| 302] 1/ . 18]. 4i.. 73 Bio. 101 
De 6th Rifles} 3890] 4] .. |109].. $10] .. 266 ; we 889 
Do. 6lst Foot; 402 2; .. | 30 Tl Sa 112 5B i es 156 
Do. 75th Foot} 4597 6] ../79 |)... F114]. 184 Bi oe 285 
Ast Bengal Fu- | 
; siliers oe 427 8 ee 95 oe li oe 210 oe oe 819 
2nd ditto ee 870 4 a6 79 on 6 os 156 oe oe : 945 
Sirmoor Bat- Lee 
; ‘talion "oe 1212 1 oe oe 85 6 8 oe oe 64 888 
. Kamaon ditto 312 ] es ee 20 2. 8 we os 5 Ge 
Guide Corps (585 21 Bj « | OFF 6 oe on ie dee 808. | 
eames fae eercirtntape | Reine bec eaeet rer’ 


18 ba ee 





Carried ford., 7,215 89 | 8 j642 |281 1180 "29° 1 1425 _ 695 


_. ‘Lientenant M. A. Humphrys, 28th Na- | Captain E. W. J. aos, a M. s Ta, oe 
; ' ‘tive Infantry, attached to 60th Rifles, Regiment, 2 
: ‘Enaign E. O. L. Phillipps, 11th Native | Lieutenant 8. 7. R. 8. Fitspereld, A. 7 

'... infantry, attached to 60th Rifles, | Harrison, and E, V. emnes = Mic 


: "Masten T. Gabbett and Ensign 8. B. ie oe 





re fe 
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No. 5. 


Return of Casualties in the Delhi Field Force, from the 30th May to the 
28th September, 1857. 






® 


ya ective Strength of all Ranks 
on lith September, 1857. 


Brought for- 
ward, ..(7,275 


4th SikhInfy.) 414 

Ist Punjabdo.| 664 

2nd Ditto, ..| 650 

4th Ditto, ..| 541 
3 








22 
Grand Total, | 9,866 | 46 | 14 (543 [426 


se ananen ia aneniciadlicacipntimeencdhtnnameminteantanmrmmmesnaninmanncemmeansemamaamaamaeemmmamemanaammemmnmenmemmedianel 


ABSTRACT. 


140 | 49 : 1,426 


1,180 | 13 | 17 | 3, 








N. C. OFFICERS AND 








OFFICERS. SOLDIERS. 
British. Native. J ritish. | Native, 
Killed oe «é ee oF 46 14 548 426 
Wonnded a¢ @ea aes ev 140 49 1,426 1,180 
Missing ve ae oe oe oe oe 18 17 
Total ge 186 68 1,982 1,628 





Lieutenant W. Crosier, H. M.’s 75th | Lieutenant FE. Speke, 65th Native Infan- 


Regiment. try, attached to Ist Bengal Fusiliers. 
Major G, O. Jacob, lst Regiment Fusi- | Lieutenant S. H. Jackson. 
liers. 2nd Lieutenant D. F. Sherriff, 2nd Ben- 


Captain G. G. MecBarnett, 58th Native | gal Fusiliers. 
Infantry, attached to 1st Fusiliers. Lientenant C. F. Gambier, 38th Native 
Infantry, attached to 2nd Bengal Fe- 
siliers. 
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No. 6. 


Lascription No. 1. in the Persian Character. 


33) gle oho pe lbw yy) ponbh iUlansale sot shasSil oF gd shor of glo 
Sy lott & god5 Ye yy! BS cyte he SY wlreys S pHAOV shu polo ote 
Bye pot 2 phy Beye GT sie 3 wypheily 6) cheadys iho Of Bye 
. 33 
# Ui,iy Do by? s! ek cyan! Bs aye cued som 2. 
Ensign O. C. Walter, 45th N. L, attached to 2nd Bengal Fusiliors, 
» 5. C, Wheatlev, 54th N. 1, attached to Sirmoor Battalion, 
Lieut. J. H. Brown, 83rd N. 1, attached to Kumaon Battalion, 
» 4. Yorke, 8rd N. L., attached to 4th Sikh Infantry. 


Capt. W. G. Law, 10th N. I, attached to Ist Panjab Infantry. 
Lieut. E. J. Travers, 2nd I. N., Command Ist Punjub Infantry. 


No. 7. 


Inscription No. 1. tn the Nagr¢ Character. 


Ze A seR gia & snteN Iq ager® wae By 
faug! St 30 HE Bq 20 fadeay aa (clo Fat R aula 
wee A a a AR a age a Mae Bae Aa saat 
MEM RMA SAR aepaia faa sam Fra a ist 2 Br 
aan 4 inaat haqaa A ae Ta ATS HT WA UZ gM 
SATA tl 

Lient. W. H. Lumsden, Adjutant, 1st Punjab Infantry. 
Ensign J. §. Davidson, 26th N. 1, attached to 2nd Punjab Infantry. 
Lieut. R. P. Homfray, 4th Punjab Infantry. 

» QQ, Battye, Commandant of Cavalry Guide Corpa. 


n A. W. Murray, 42nd N. L, attached to Guide Corps, 
» ©. B. Bannerman, Belooch Battalion. 
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SPECIFICATION, 


Rubble Masonry.—The hearting or body of the work to be of the best 
description of rubble in lime mortar masonry—due care being taken that 
the work is efficiently bonded, that the stones are laid on their natural 
beds, that a sufficient number of through bond stones shonld occur iff 
every course, and that the interstices be properly filled with mortar. 

The mortar to be the same as that used by the local P. W. Department 
Officers at Delhi consisting of charcoal burnt kunkur lime and.soorkee 
or budjré in such proportions as are found to yield the best mortar. 

The work to be carried up in regular courses, and where connections 
with cut stone occur, to be closely fitted and properly joined with regard 
to efficient bond. 


Plain Ashlar.—The surfaces in the building upon which no string 
courses, mouldings, tracery, &c., lie, are here called plain ashlar. The 
lining of the well of the staircase as well as the steps, newel, &c., to be 
of this description of masonry. 

The material nsed to be red sandstone, the faces of the stones to he 
very neatly chiselled, straight and out of winding; the beds, tops and 
tails of the stones to be sufficiently neatly and squarely dressed to lie 
closely and give fine joints. No defective or discolored stones to be used, 
and the work should in all respects be the best of its kind. A fine des- 
cription of mortar being used in its construction. Dowels and joggles 
to be introduced where needed. 


ray 


Moulded Ashlar.—All chamfers, tracery, string-courses, mouldings, 
cornices, raised or sunk work, &c., to be accurately and neatly cut to tem- 
plates. To ba of the same stone as that specified for plain ashlar. Joints 
to be very fine and correctly wrought to fit close together. 


Carved Ashlar.—Poppy heads over gablets, finials of buttresses, bosses, 
crockets, and all foliated work, come under this denomination. Great 
care to be taken in carving the different ornaments shown in the design, 
neatly and correctly and as true as possible to the proper types of the 
atyle of architectnre in the building. 
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208 DELHI MEMORIAL MOMUMENT. ' 


ABSTRACTS, 


rs Estimate far completing basement of Delhi Memorial Monument. 
c. ft. Ra. Re. 
17,342 Rubble in lime mortar masonry, with ashlar quoins, at Ra. 
12 per 100, es ee ve oe ee ee oe 2,081 
8, ft. 
6,050 2° thick ashlar flagging, set in mortar, on terrace of base- 
ment, at Rs 15 per100, .. 2 of  e8 08 908 2,989 


Contingencies, at Rs. 5 per cent, .. “ 149 


Total Rupees, = «« 8,188 
Estimate for superstructure of Delhi Memorial Monwment. 
c, ft. 
6,858 Rubble in lime mortar masonry in hearting of shaft, at Rs. 


20 per 100, .. oe sae oo oe 1,772 

8,076 Plain ashlar masonry on face and fitag of staircase well, 
at Re. 1-2 per cubic foot, .. ee oe oe eo §=65,711 

2,176 Moulded ashlar in water tables to buttresses, cornices, pin- 
nacles, &c., &c., at Rs, 3-8 per cubic foot, és 7,616 

1183 Carved ashlar, in poppy heads, bosses, crockets, &c., at Ra, 
N 8-8 per cubic foot, .. ws ee os eo oe 9685 

Oo 


1 Marble cross, 8 feet high and 7 feet wide, at Rs. 750, = oe 750 
8, ft. 
267 Marble tablets, including inscriptions, &c., at Re. 16 per 
supl, foot, ee o6 oe oe oe 8 26 4,272 21,086 


Contingencies, at Rs, 5 percent, «. ee 1,064 
Total Rupees, ee 22,140 


Estymate for completing the Delhi Memorial Monument. 
Abstract No. 1. : 
Completion of Basement, .. oe oe oo §«=—s wes, LSS 


Abstract No, 2, 
Sapersiructure, Ary ry ry ry Ser ee) AC 
25,278 
Grand Total of Estimate, .. «. 26,278 


E. J. M, 


‘BORATE OF LIME GLAZE YOR TILES. 209 


No. CLX. 
BORATE OF LIME GLAZE FOR TILES. 


In connection with a subject which deserves more attention from the 
Indian Public Works Department, than has yet been paid to it,—the 
“Glazing of Pottery,’—the following extract from “ O’Shaughnessy’s 
Bengal Dispensatory” appears well worthy of being transferred to tha 
pages of the “ Professional Papers of Indian Engineering.” 

- In the report which Doctor O'Shaughnessy rendered to the Medical 
Board, dated 1840, he shows that, the principal difficulty in glazing lay 
in the rate of contraction in the cooling of the glaze differing so much 
from that of the clays employed—the glaze peeling off or cracking. 

. This was the case particularly with the soda clay of Bengal, or saj? 
mitt? 


New Glaze—The Borate of Lime. 


“The results of never trials proved the superiority of the borate of 
- Lime, 
_ “T find that it is most easily applied to our new biscuit by mixing the 
: powdered borate into a thin cream with weak solution of the common | 
‘pazargom. This mixture is applied with a brush, and the ware is then 
“exposed ‘to the sun, or kiln-dried. 
Mo faze this glaze requires a somewhat higher temperature than - 
_- that. needed for the preparation of the biscuit. The glaze being, when 
: : properly prepared, transparent and colourless, it leaves the Vensel of its : 
: pial tint, and ag lustrous as the best English ware. 

a The lime solution is prepared by dissolving shell lime in bazar vinegar | 
a ® neutral liquid i is. obtained, and ee this down to the pacers 
of w thin syrip, | | 
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Tn working a pottery, the impure pyro-ligneous acid wold be em- . 
Joyed and prepared on the spot. oa a 

The solution of borax is made by dissolving one pound of. sohaga - 
ae borax) in 12 quarts of warm rain water, and straining through — 
clear gunny cloth. This solution i is to be added to the lime solution in 
portions of a pint at a time, so long as any precipitate occurs. a 

“ The milky fluid is next to be thrown on a calico strainer. The. ou 
matter, which is already finely pulverulent, should be washed with cold: 3 
rain water: again strained through calivo: and dried for use. | 

“The minute quantity of this article required for the glazing of & 
vessel renders its expense scarcely worth calcalation.” 

The clay used for the biscuit consisted of four parts Colgong khar?, 
-and one part sabun mitt/, or fuller’s earth. The khari was obtained 
from Modiram Hill, Bhaugulpore, Bengal. 

Doctor O’Shaughnessy gives no analysis of the clays. 

There appears no reason why the Government of Bengal should not 
move in the matter, and make use of the Cement Experiment establish- 
ment and apparatus, to conduct experiments on a cheap mode of glazing 
bricks, tiles, &c., &c. If these experiments prove to be equally success- 
ful with those on “Cement,” there will be.a new material gained for 
roofing, to the exclusion of the present abominable system of concrete 


terraced roofs. 
C. 


_ Raxouez, 
28th April, 1875. 
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No. CLXI. 
FORM OF CHANNEL OF CONSTANT MEAN VELOCITY. 
By F. E. Ross, Esq., Assistant Engineer, D. P. W., Punjab. 


the heavy rains of August 1872, the city of Jullunder was 
inundated to a great extent, and as the recurrence of a similar flood is a. 
contingency which may be looked forward to, owing to the physical 
features of the country, and several other reasons which it is not neces- 
sary to detail here, a Project—comprising a complete system of drainage 
and defence works was drawn up—one of the component parts of the pro- 
ject being a drain, which under varying depths, should have a constant 
mean velocity. And, although the mathematical investigation of the 
cross-section made it apparent that obligatory practical conditions would 
preclade anything like a close approximation to a form of channel framed 
on this principle, yet, inasmuch as the result arrived at is peculiar, exhi- 
biting a singular contour, I am indnced to note down the development of 
the problem, in the hope that it may interest the readers of the “ Roorkee 
Professional Papers.” 
‘The problem to be solved is the following: 
_. Po caloulate such a contour to the cross- 
section 6f a channel, that for all depths () 
‘of water running in it with a given declivity. 
(p); the mean velocity (v) of the current shall 
be, constant, and equal to a given quantity assigned. Rt | 
[The otigin of the curve to be caloulated will be the centre of the chan- 
aa bottom, the depths (x) will be measured along a vertical line, through 
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this for abscisse, and the corresponding half widths at surface (y) will he 


the ordinates }. 
Taking the following as the co-efficient for discharge in open channels, 
Van/pt 
in which the co-efficient is not specified, and substituting for s and c, 
the following general expressions for area and perimeter, 


of yde on afy fit By as 


we get 


or 


0 f- + @ oy da = mp f ‘yd. 
Differentiating, we have 
a fr+ (@ + (54) = n2py; or putting 22 = = N, 
OY fatyP 1; or de me ee 


da 
[Note. y cannot be loss than = i.¢., than x otherwise the above 


expression for dx becomes stnainary)| 





Integrating, we have 
1 
yt [9 — a 
ent yt—1 om al 
n'p n'p 
Converting hyperbolic logarithms into ordinary ones, and giving 1, 
its value 
dy = ai 
_. 280258 xo? , Ey — REE 
t= —p log = 
nip 
‘ 3, 
or putting a sr p= x 


© = = log LEN EAE nl 
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Whence 
y+ /7- B= B log az. 
or 
y= é ‘Cars -- log—! ax Jessssesencrnensnren (A), 


which is the equation required. 


QUADRATURE. 


We obtained above da == Fn) Laren 
a/ ,” y* ~—1 


which is dap x el 
iy ne f 


p 
whence area 
=f yin oro a = BA BE 
Or substituting for y from equation (A), we have 
1 1 3 " 
) = 2 icy Silos + log— az) — 1, Soavecressenene (B). 


RECTIFICATION, 
taf) [i+ (BZ) ae 
a 
AY = £1; — — i 
ve t= igs d 
aI” fi+ %=1, a — 1, TE ~ = JS — irl 


rrr; 
aiipea ite erates ~I1 


If in Equation (A) we make 2 = 0, we get y = B. Hence the peri- 
meter will consist of a horizontal straight portion, 28, and two mn 
sides each equal to 7, and we shall have finally 


Soe 
C= sa{as /; (soz, — log-? arc ) mead a (Co 
[It may be thonght that on account of this straight portion not having 


We have 


But 
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been introduced into the data, the results are vitiated. It will be seen, 
however, that it is a constant under our hypothesis, and that being simply 
additive, it would vanish on the first differentiation. 


RECAPITULATION oF Resuuts. 
We have first the oquation to the cross section of the channel, re- 
ferred to the bed and vertical centre line as co-ordinates. 


y= fae + log-' de ) 
Secondly, to calculate the area for a given depth a 
& = 28'¢ 
Thirdly, the corresponding perimeter 
c == 28 (1 + ¢) 
And, consequently, the hydraulic mean depth 


BaP 
7 Bj r} 
in all of which 
q@ 4343 
pas a= 8 


n the co-efficient of discharge, say 96 0 


ae een ae 
¢ = Oh Greer ae + log ax ) —1 
x = height of surface above bed. 


y == corresponding surface half width. 
[ Note.—Log~ ax is the primitive whose logarithm is az]. 


EXAMPLE, 


Given a Canal whose maximum discharge at @ certain point is to be 
924 cubic feet per second, and mean velocity under all disharges 3°5 feet 
per second, the slope being projected at -0004. 

Assuming n =: 96; we havo § = 3:33; a = ‘13. 

By the conditions area of cross section for full discharge 


924 


Consequently, we must have 
gz 20% == 264! or 
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229 = 264 
g == 12, 
> For rough sppvoenadion we may take 
7 ¢ = 4 log” az 
“, we have log~' az = 24, or ax = log 24, 


whence @ = a == 10°6, or say 10°8 for the full 
"depth of channel at centre. “ ° 
. Now, from the principal equation, giving x successive values 0, 1, 2, ‘&e., 


up to 10°8, work out the corresponding values of y as per Table anazed. 


From these quantities the curve has been plotted in the diagram. 















wv Be Log™! 134 ae eee Sum x 1°665 
, Log@! "13 @ =y 
0 oe ee y — 8 — 3°33 
1 13 1:349 “742 8:50 
2 26 1°820 *550 3:90 
8 39 2°455 "407 4-70 
4 *b2 3°312 302 6:00 
5 65 4°467 224 7°80 
6 ‘78 6°026 "166 10°30 
7 ‘91 8-139 123 13°70 
8 1:04 10:970 "091 18°40 
9 117 14800 068 24°60 
10 1:30 19-960 ‘050 33'3 
10-8 oe oe ee 42° 9 
e 
{ 
3 
cet nee ge tin a fk eS ee re) te an A OO EM ee ee ed OOD me on ne a cae em nee oe oe F Qi me me ee ae ce ere em ee ne ee ee ee ae a ate ae cae ae ca oe 2 
> 


OO es er hee teats mY Oe A ile ee SS Le le ty 


+ ---=-40-8 ~------- 


= 
{ 
3 
t 
r 
i 
: 
t 
' 
t 
{ 
} 
, 
; 
+ 
t 
} 


Oe ee eee ee Ce kenthaesleettoen treme tem detest necks oskeotnead ae oe 


ermine 2 caret np nin a mlb om rahe ae Min es ewan So seam H+ Lem ae ttt 9 4 oeme © 9 semana FG eB = epee Renee an ee rem 


Gengrat OBSERVATIONS. 


A glance at the diagram will show that we work on 8 wrong principle, 
vizg. making our side. slopes too steep. 
VOL, 1¥,— SECOND SERIES, 2k 


(216 4 © = FORM OF CHANNEL OF CONSTANT MEAN NELOCITY,. 


“In fact, that contrary to the universal practice of making the half sec 
‘tion of a channel concave it ought to be convex, with a kind of indepen- — 
dent channel in the centre to confine extremely small supplies, which 
might thus be utilized instead of being allowed to waste by evaporation, — 
Nature herself would seem to point to something akin to this in 
streams of variable supply. Let any one observe Punjab rivers at their. 
lowest, and mark in any straight reach the great banks of silt on each 
side sloping towards the thin central stream, at the edge of which there 
is a sudden drop into the low water channel. : 
The great advantage of such a channel would be its thorough perma- : 
nency and equable action. 
On the other hand its drawbacks would be,—to sais one or two-— 
(i). Increased expense of construction. . 
(ii), Increased waste by absorption. 
(iii). Difficulty in cases of embankment. 
Although no one would apply this precise form of channel to practice, 
yet it will be readily admitted that the nearer we can approach it the 
better. 


F. E. R. 
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No. CLXII. : , 


MEMORANDUM ON THE REMOVAL OF OBSTRUCTIONS 
IN THE MAHANUDDY & BHAGIRUTHEE RIVERS. 
{ Vide Plates XXXII. to KXXVL} 


By Lieut. A. O. Garen, R.E., Secy. to the Torpedo Committee. 


Art the commencement of the Famine year of 1874, it was foreseen that 
it would be necessary to provide communications between the bases of 
supply, ¢. ¢., between the Loop Line of the East Indian Railway and the 
Ganges at various points, and the famine threatened districts, for the 
transport of grain; and the resources of the Public Works Department 
of Bengal were strained to the utmost to carry out the numerous pro- 
posed works. ‘ 

Roads were commenced, where not previously existing, from the 
various grain depéts established on the railway and the banks of the 
Ganges, and carried into the heart of the famine stricken districts ; ex- 
isting roads were improved; -and last, but not least, a temporary railway 
was under the superintendence of Major Stanton, R. E., rapidly laid 
down from the Ganges to Durbhunga, a distance of 48 oe 

‘It was, however, deemed that all.these means of communication would 
prove barely sufficient to carry the enormous traffic that it was expected 
would pass over them, and it was, therefore, considered advisable to open 
up the inland water communications as much as possible, so as to relieve | 
the roads and railways wherever practicable. This was particularly the 
ease in the Rajehahye Division of Bengal, where large depéts had been 
established on the line (as.at Rajmahal) and on the Ganges (as at Ram- 
pore. Bauleah and. Godagéree); and great use was made of the Maha- 
iver, which joins the Ganges at Godagéree, in transporting the 
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grain in country boats from thence to various branch depbts 0 on. its banks 
for subsequent distribution inland. - 

No sooner did the Mahanuddy become the scene of 4 ioe craked Ve 
amount of traffic, than it was found that there were great practical diffi- 
culties in the way of getting the largest class of country boats, carrying 
from 600 to 800 maunds apiece, up the river even as far as Maldah. © 
This was not so much owing to the shallowness of the water during the © 
dry season of the year, as to‘the numerous obstructions which occurred 
in the channel, and which would prove peculiarly dangerotis to navigation — 
during the rains. As it was urgently required to work the river beyond 
Maldah at least as far as Chooramun, a distance of about 49 miles, it 
was necessary to get rid of these obstructions, which consisted of wrecks, 
sunken trees, old masonry foundations, &c., as well as to remove the 
various shoals in the river. This latter portion of the work and the deep- 
ening of the channel at various points, was entirely carried out by the | 
Public Works Department, under the superintendence of the Executive 
Engineer of the Nuddea Rivers Division. 

In the early part of March, Mr. Wickes, the Executive Engineer of the 
Nuddea Rivers Division, applied through the Superintending Engineer of 
the North East Circle, to the Secretary to the Government of Bengal in 
the Public Works Department, for the services of a Sergeant of Sappers 
and Miners to below up these wrecks, &c., as hechad no means at his own 

disposal of doing so himself. Application having been made to the Govern- 
ment of India in the Military Department, the matter was referred to Col. 
Hyde, R.E., the President of the Torpedo Committee at Calcutta, and 
on his recommendation it was decided that the Secretary of the Torpedo 
Committee, accompanied by a Sergeant of Engineers, and a small party 
_ of Sappers, should proceed to Maldah, where they were to be joined by a 
detachment of one Havildar and 12 Sappers from Roorkee, to carry out 
the work of the removal of these obstructions. | 

It was not, however, until the 81st March, that my services as Seore- 
tary to the Torpedo Committee, were finally placed temporarily at the 
disposal of the Public Works Department of Bengal; and a farther 
7 delay of a week occurred, owing to the difficulty experienced in obtaining 
| : precise information of the nature of the obstacles to be overcome; before 
** Y could: start for Maldah, taking with me one European Sergeant, two 

: Bepoys,, and two native Divers, together with s saree quantity of stones. . 
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The daiceiadioa of ities stores was roughly sélicnated at what it was 
thonght° would’ be necessary for the removal of the obstructions, the 
number of which was known between Maldah and Chooramun only, which 
was the section of the river that most urgently required clearing ; ; and 
they consisted of the following :— | 
s . Gunpowder, et saa eae ave ««. 2000 tbs. 


_Gun-cotton, tee one . 800 ,, 
Fuzes, “ Electric, Abel, soins 2 ies 84 
. + Ditto platinum wire, ... a see «» 100 , 


~ Qld oil cans to contain chntaes ar a. 80 
Also 400 yards of insulated wire (7 Strand Hooper's Core), and various 
small stores, 

The above party left Calcutta on the 8th April, and reached Maldah on 
the 10th, where it was joined by the Sappers from Roorkee. Work was 
commenced on the following day by an attempt to remove the wreck of 
a large country boat which lay on the top of a tree in midstream, opposite 
to Angrezi bazaar, the civil station of Maldah. 

Soundings were taken over and around this tree, which was found to be 
about 8 feet 6 inches in diameter at its base, and the gunpowder not having 
arrived, three 5 th. charges of gun-cotton, each of which would be equi- 
valent to about 25 tbs, of powder, were made up, and it was thought that 
under the 15 foot head of water these would have been sufficient to smash 
the tree in half. | | 

The gun-cotton wasin the form of compressed discs, 24 inches in dia- 
meter, and 2 iuches thick, each disc weighing about 5 ounces. These 
discs fitted into a tin cylinder which was filled with them to within about 
4 inches of the top of the cylinder, A fuze, with firmg wires attached, 
having been securely rammed into the hole in the centre of the top disc, 
the empty space above was filled up with a layer of sawdust, and thena 
layer of damp earth, well rammed round the fuze. 

The whole was then coated over with white lead paint, and over this 
was tied a covering of common waxed cloth, the fuze wires being brought 
up through a hole cnt in the centre which was afterwards waterproofed 
with the mixture given seal which has been found to answer r the purpose 


admirably. 
Tallow, ss. vests nes tee wee SsO.séper Cont, 
~ Rosin, ees ue wwe tees wee, GG Se 
- <Gnttapercha, - aoe ate ote wee tte Dg 


Aes tte ™ . : eae ave ese pee ee £0 ‘ , . : , is, 
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| Plate XXXIV,, Fig. 1, givesa section of one of these rane wands up. | 
The firat charge was placed at the root of the tree in about 15 feet of water. — 
It was fired by means of s dynamo-electric machine, a description of which . 
is given at the end of this Article (vide Appendix and Plate XXXVIL)°-_ 
Ite effect, as far as could be ascertained was poor, probably not having been | : 
properly placed by the diver. The next charge failed from the case giring 


way, and was spoilt for the time being, until the gun-cotton could be re- . 


dried. This wet charge would have fired, had only the disc into which 

the detonating fuze was rammed been kept dry bya covering of waxed 
cloth. The third charge, which was placed under the trank of the tree, 
was more effective, as it lifted the boat and tree somewhat out of the water. 

It was, however, determined to await the arrival of the gunpowder, which 
fortunately turned up the next morning, having been delayed in transit by 
‘rail. As soon as possible two charges of 70 to 80 Ibs. of powder, which it 
was considered was about the proper amount required, were pissed: under 
the boat, being lashed on to the snag by the divers. 

These charges consisted simply of the common oil tins of commerce, _ 
carefully cleaned out and painted over with red lead paint; the bung hole 
was closed by a wooden plug, bored out to admit the insulated wire to the 
fuze, earth being made by a small piece of bare copper wire from the other 

end of the fuze, twisted round the insulated wire to a short distance out- 
side the wooden plug. Fig. 2 will fully explain the above arrangement of 
the plug, which was then placed in the bung hole, and coated over with 
_ waterproofing mixture, 

_. Charges made up thus were very handy to use or to keep in store, and 
when the Magnetic Exploder was used with Abel's high-tension fuzes, 
only one insulated wire was required from the charge to one pole of the 
battery, the cireuit being completed by a copper earth plate held i in the 
“water by a short piece of insulated wire from the other pole. | 

_ The effect of the above two charges was to completely demolish the boat, - 

but it required another charge of 50 fhs. to remove the tree undermeath, 
_ which it apparently did altogether, but, subsequently, a portion of it being . 
-.. found still remaining; a fourth charge of 20 Ibs. of powder’ hed to be need 
t pet rid of it entirely. | 
oo Hig. 8 gives a section of this snag, and the position of the ne 

»". “Tn the evening we went up the river to the junction of the Kalandria 
* ‘etd ‘Mahanuddy, where there was a sand bank. (Fig. ies formed Ls wbost 
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which had broken in half, and then sunk. This sand bank was a great 
obstacle to the navigation, especially during the dry season, and I had little 
hope of removing it, as the sand had accumulated almost entirely over the 
boat, leaving little but sand to operate upon. 

However, a charge of 80 ibs., (it being considered that one large charge 
was preferable to two or three small ones in getting rid of the sand,) placed 
close to the part of the boat that was visible, made a considerable crater, 
and I was able to place a second charge of 80 ibs. in a much more favor- 
able position, as nearly all the boat was removed except portions of the 
bow and stern, which required two separate charges of 50 Ibs. each, before 
they disappeared. In half an hour the whole of the sand bank had been 
washed away by the stream, and there was from 3 to 4 feet of water over 
the spot, where before the sand was high and dry out of the water. The 
removal of this obstruction was dangerous, owing to the nearness of the 
boat to the surface, the consequent small resistance offered to the projec. 
tion of its pieces through the air, and the largeness of the charges used. 
Had, however, small charges been used, it is more than probable that tho 
small craters made by them would have become too quickly filled up 
again to have been of any good in facilitating the placing in position of 
subsequent ones. 

The following day a large mango tree, about 4 feet 6 inches in diameter 
was destroyed near Bauleah Nawabgunge, by two 50 lb. charges, which 
broke it up into three pieces, easily removable ashore. 

Considerable delay was now experienced from the difficulty of procur- 
ing boats, and it was not till the 17th April that I was able to make a 
fair start from Maldah. Intending originally to proceed up the river to 
Chooramun, I was forced to alter my plans, as I learnt that much time 
would be lost in looking for the snags, which had not been marked out, 

and that the upper part of the river was not so bad as the section towards 
Godagéree, which was now urgently required to be cleared first. Indents 
for.more powder and cases were accordingly sent down to Calcutta to be 
complied with as soon as possible, and two country boats of about 400 
maunds each, one for stores and the other for the detachment, having 
been hired at Maldah, we started off down the river to Bholéhét, Here 
opposite to the village, s large trunk of 8 tree, about 8 feet in diameter 
was removed with two 50 tb. charges; but the depth of water over it was 
so small that a large. portion of the trunk was thrown a considerable dis- 
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tance on shore, and struck the corner of a pucka building, but fortunately 
without doing any damage. The next day, a large tree which had formed 
a sand bank here, was very successfully removed by a charge of 50 ths. 
placed among the roots, it being considered that a smaller charge than 
50 ibs. would not have effected the purpose. Opposite to Kisimpore, a 
boat was removed with a charge of 50 tbs. placed in the centre up-stream, 
which entirely demolished it, the pieces being all dragged ashore. At 
Mooty& a large cotton tree, the wood of which is extremely tough, was 
found with many large branches projecting out of the water. A charge 
_ of 70 tbs. tied under the tree at the springing of the branches effectually 
broke it up, and the pieces were all hauled to land. Three miles further 
down the river, an attempt was made to destroy another large cotton 
tree, with a similar charge, but it only broke it into three pieces, and two 
more charges of 50 tbs. each were necessary to clear it away effectually, 
This tree was, if anything slightly larger than the Jast, ¢. ¢e., from 3 to 4 
fect in diameter, and there was less water over it. 

On the 19th April, we came across a collection of three or four trees, with 
their branches interlaced, lying on a sand bank near Alumpore Daldah; 
these Were sufficiently broken up by a 70 1b. charge to make them easy 
of removal by coolie labor, and being high and dry on the sand, and 
therefore dangerous only during the rains, they were left, as it was 
' dangerous blowing them to pieces by gunpowder. Opposite to the village, 
another awkward snag in the shape of a large tree sticking up in 30 feet 
of water was destroyed by trying a 70 tb. charge at its base. 50 Ibs. of 
powder under this head of water, or cven a smaller amount, might have 
been sufficient, but as the work had to be done quickly, not much account 
was taken of a few pounds of powder more or less, provided the object was 
attained. This snag was very dangerous from its position ata bend in the 
river. At Gomashbtapore we found a large tree, branches and all, in 25 
feet of water, lying in the channel under the left bank. The current here 
was considerable, and we had some difficulty in placing the charges. One 
charge of 70 tbs. broke the tree in half, 50 Ibs. at the springing of the 
branches broke them up, and another charge of 50 tba. got rid of the roots, 
and the whole was hauled ashore. Below Gomashtapore a large mango | 
tree was demolished with 60 fhs. of powder. A short distance farther on 
we came across a bad bamboo snag. These bamboo snags, which were 
merely the roots of the bamboos with perhaps a dozen or eo whole ones 
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left, were the worst form of snag with which we had to deal, and gave us 
the most trouble. 

Plate XXXV., Fig. 1, gives an idea of what these snags are like. 

It was found impossible to place a charge underneath this one, so an 
opening was prized open between the bamboos, and a charge of 70 tbs. 
rammed down pretty well into the middle. This cleared the whole of 
it away and opened the channel. 

Another clump was got rid of in a similar manner a little further on. 
We had to knock off work at 1 p.m. on this day, as the heat was very 
great in the sun, the thermometer standing at 103° inside the Gomashta- 
pore thanah, where the famine officer lived. In the evening, we went on 
down to Chandpore, and pitched our camp for the first time since leaving 
Maldah. 

Here close to the camp, and at a re-entering angle of the river in a place 
peculiarly dangerous to navigation during the rains, was an enormous 
banyan tree (Ficus Indica), the main trunk of which, to judge from the 
branches must hare been at least from 12 to 15 feet in diameter. An ap- 
proximate measurement was made with a pole, but any such measure- 
ment can only have been a very rough one. 

The trunk was lying in deep water, but the branches, more like an ac- 
cumulation of large trees, were lying stretched ont for a considerable 
distance over the bank, covering an area of more than 80 square feet. 
A charge of 200 fbs. of powder was made up in an india rubber bag, 
and placed by the divers in about 28 feet of water, well under the trunk 
of the tree. The effect of this was to split the trunk up into several 
pieces, each of which subsequently required separate removal. A 70 tb. 
charge was next fired under two of the largest pieces in 18 feet of water, 
and this broke them up completely. Having now run out of all our cases 
for powder, three charges of gun-cotton, similar to the first, were made up 
as before, and fired separately, each placed under a good thick branch 
about 8 feet in girth. The effect of all three was prodigious ; seemingly 
greater than that of the 70 ths. of gunpowder. As there were no more 
cases left, and time was precious, some common earthenware ghurrahs 
were obtained from the village as a makeshift. These held about 20 tbs. 
of powder, the fuze being placed in the centre in a disc of gun-cotton, 
and the neck was closed up with damp earth, white lead paint, &c., 
jast in the same way ‘as the gun-cotton charges had been. <A rope 
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for lashing them to the obstacle was securely fastened round the neck, 
and the fuze wires were tied under this lashing, leaving a small loop 
towards the fnze free, so as to avoid any chance of a strain being brought 
on the fuze in lowering the charge. J%g. 2, shows the arrangement of 
this charge. The first one tried had but little effect when placed under 
a branch of the tree in deep water, and it was accordingly determined to 
wait for cases from Calcutta; but after wailing five days without their 
appearing, three more of these charges were tried, and this time with very 
exceilent results, 

In fact, they were so satisfactory that the same evening four more 
were made up and fired. The first under a mango tree a little further 
down the river. This broke it in half, throwing one part high and dry 
oh shore, and the other into deep water. The other three were fired 
under the remaining branches of the banyan tree with very good effect, 
cutting them away. 

It is more than probable that the good results obtained with all these 
ghurrah charges were entirely due to the gun-cotton disc inside, cansing 
the gunpowder itself to detonate, so that the thinness of the envelope was 
of little moment in determining the force of the explosion. 

The tin cases having arrived, the rest of the powder was made up into 
five charges of 48 tbs. and three ghurrah charges of 20 tbs. cach. About 
four miles farther down the river, there was an old peepul tree lying in 
mid-channel, with several of the branches above water. Two tins, one 
placed under the springing of the branches and the other under the roots, 
blew away the lower branches on which the tree was resting, and it sank 
slightly in the water. A ghurrah was next fired under the trunk with 
most splendid results, the tree disappearing entirely except one branch, 
which required another small charge to remove it. 

The trunk of this tree was nearly 8 fect in diameter but of soft stringy 
wood. | 
On our return to camp a small charge of 2|bs. of gun-cotton 
was made up in a section of bamboo, and used against the banyan tree 
with very good effect, and a ghurrah charge demolished the last branca 
but one. The next day 14 lbs. of gun-cotton in a piece of bamboo finished 
the last of this enormous tree over which we had spent so much time, but 
chiefly owing to the want of material. A farther delay of 10 days now 
took place, and it was not till the 10th May, that the second supply of 
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. powder arrived in camp. During this time the weather was very hot, and 
although encamped under a grove of mango trees, the thermometer in my 
tent went up to 126° in the middle of the day very frequently. I note 
this fact to show how safe it is to carry gun-cotton about during the hot 
weather. 

Our boxes of gun-cotton were kept dry in the open air, with just 
nverely a tarpaulin thrown over them. 

Several more trees and collections of trees, &c., were cleared away. 
farther down the river, and on the 12th of May the foundations of an old 
factory, which had slipped into the stream, were removed by introducing 
two charges of 14 tbs. of gun-cotton in the ends of two bamboos, well into 
the crevices of the masonry under the water. The brickwork was all re- 
duced to powder, and would entirely disappear as soon as the river rose 
after the commencement of the rains. Above Nawabgunge several snags 
were removed, and just below thec boats. 

One of these had formed a sand bank in mid- channel, and was some- 
what difficult to remove. Here we lost the only ghurrah charge that we 
had the misfortune to Jose during the whole time. 

The current was strong, and the charge not being properly tied down 
under the side of the boat, was broken and the powder lost. 

It was impossible to peg it down as the sand was so shifting. This 
boat was subsequently cleared away with one charge of 50 dbs. in a tin case. 
The last obstacle in the river, a large country boat embedded in a sand- 
bank just above Godagiree, was removed on the 14th May, and the party 
returned to Maldah, which was reached on the 17th following. On the 
23rd May, after being again delayed a week for powder, a fresh start way 
made up the river to Chooramun. 

The first obstacle to be removed was met with about 12 miles above 
Maldah. : 

It consisted of a row of old piles, about 15 inches square, stretching 
across the river beneath the surface of the water. The natives said that 
there had formerly becn a bridge here; but it is more probable that they 
were the piles of a bund made for irrigation purposes. Six of the most 
dangerous of these were removed from the dry season channel with ghurrah 
charges by tying them on at the foot of the piles. From Maldah up to 
Alawal the riveris excellent. Itruns through a clay bed, and is more like 
an artificial channel, the banks are so straight and the slopes so regular. 
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Its breadth throughout this part is from 80 to 100 yards. Just above 
Aldwal, it suddenly widens out into a broad, shallow, sandy reach, with only 
one very shallow navigation channel, and this was blocked up by snags. 

Here more than 80 boats loaded with rice had collected together, and 
were waiting for the rains to enable them to go on up to Chooramun. 
There was one boat on the top of a snag, but as they hoped to get off in 
a few days, it was not removed. ° 

One snag in this reach, the trunk of a large tree lying in very shallow 
water had to be blown to pieces. The operation was successful, but 
dangerous, some of the pieces being projected at least 150 yards away. 
Having removed a sunken boat which had caused a great deal of incon- 
venience, the boats were, enabled to pass up the river. Hitherto nothing 
but ‘high tension’ fuzes had been used in conjunction with the magnetic 
exploder ; but having run out of these, we were obliged to have recourse to 
platinum wire fuzes, fired by a Wolleshay Sand Battery, a description of 
which is given in the Appendix. 

This form of fuze is not so conveniont as the high tension fuze for 
work with in a boat, as the liquid in the battery is liable to be spilt, and 
rapidly dries up in a hot sun or wind. It requires also in fresh water 
a return wire from the fuze to the other pole of the battery to ensure 
certain ignition: but this was very simply done by twisting a No. 22, 
B. W. G. bare copper wire from the fuze round the insulated Hooper’s 
Core, and leading them at the battery to the two opposite poles. Four 
more obstructions, two boats and two trees, were next removed without 
much trouble; but the difficulty experienced in obtaining food for the 
party made me determine to push on to Chooramun with as little delay 
as possible. 

Up as far as this, the water in places was very shallow, and there was 
considerable delay ‘bn this account in getting the boats up to Chooramun, 
which was reached on the 27th May. Here a very bad obstacle, in the 
shape of a very large tree with numerous branches, was removed, but it 
took one 50 tbs. and nine 20 tbs, charges to get rid of it effectually, each 
branch taking a separate charge. 

A country boat which had sunk close by, was removed with one 50 bb. 
charge, Eleven more obstructions, chiefly large mango trees, were 
removed in the next two days from the river just below Ohooramun, and 
on the 3lst May the party started on its way back to Maldah. 
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On the way down, two or three more snags were removed and four 
more piles of the bund. Maldah was reached on the Ist June, and 
arrangements were made for sending the party down the Mahanuddy into 
the Gauges, and from thence it was to cross over into the Bhagiruthee, at 
the mouth of which a large steamer, the “ River Bird,’’ had been wrecked 
during the mutiny, and was gradually closing up the river channel. 

+ It was proposed to remove this steamer on our way down to Moorshe- 
dabad, and whilst the boats started down the river on the 4th June, 1 
left for Calcutta for more powder, &c. 

On the 9th June, I reached Berhampore, and having obtained an old 
budgerow from the Executive Engineer, started up the river towards the 
Ganges, taking in powder and stores at the Azimgunge railway station 
on the way up. We found the steamer “ River Bird” so completely 
silted up and buried under sand and water that it was impossible to do 
anything towards her removal.. Plate XXXV., Fig. 3, gives an idea of 
her position. 

Between Jungypore and Gysepore two tree snags, and an old well, 
which had tumbled bodily into the water, were removed. The latter, the 
position of which is shown in Fig. 4, was destroyed completely by acharge 
of 4 tbs. of gun-cotton, which was used as an experimental charge. Five 
more snags were cleared away below Gysepore, two of them being removed 
by hauling on them with ropes, and without the aid of powder. 

Opposite tc Baboo Dhunput Singh’s temple, near Azimgunge, there 
was the trunk of a very large peepul tree sunk in deep water. It was so 
large that it was thought necessary to place a 100 ib. charge under- 
neath it, which broke it up completely, but two small charges of 20 tbs. 
were required to remove the pieces. 

A large quantity of fine fish were killed or stunned by the concussion, 
and fell an easy prey to the boatmen and sepoys. 

On the 14th June a well similar to the last was destroyed near Furra- 
bad. The brickwork was remarkably good, and about 3 feet thick, and 
mortar was excellent. One charge of 4 ibs. of gun-cotton broke it up 
into large pieces, and it took another similar charge, and two charges of 
20 ibs. of powder to destroy it completely. Two trees were removed on 
the same day at Mookergunge, with two of the ghurrah charges, which 
had been used throughout for small charges with unvarying success. 

Ata place called Farrashdangah, there was a very bad obstruction in 
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the river caused by the remains of an old bathing ghat and bridge, having 
been cut out from the bank by the water getting underneath the masonry. 
Both were projecting about 3 feet above the water, and in the rains they 
formed the centre of a very nasty and dangerous whirlpool in which many 
boats had, according to the Executive Engineer of the Nuddea Rivers 
Division, been lost. There was an immense mass of masonry, but no 
means of getting a charge placed underneath it, soa charge of 100 Ibs. 
of powder was placed close alongside it in abont 15 feet of water. This 
shunted the mass bodily over and underneath the water. Two 450 b. 
charges were next placed underneath the mass, and these shattered it 
all up, except one piece, which was got rid of with a fourth charge of 
20 ibs. placed well underneath it. The Executive Engineer wishing that 
the wing-wall of the bridge, which was on dry land during the dry season, 
might be removed as well, a small hole was made with difficulty, (as we 
had no proper tools, nor were there any in the Public Works Godown 
at Moorshedabid,) at the foot of the visible portion of the brickwork, and 
a charge of 2 ths. of gun-cotton was introduced into this, and fired with 
only a tolerable effect, the brickwork being cracked for a distance of 3 or 
4 feet from the centre of the charge. A hole was next dug down about 
5 feet at one side of the wing-wall, and a charge of 4 tbs. of gun-cotton 
well tamped, was fired. The tamping was blown out, and the wall foun- 
dations cracked a good deal. ‘The excavation was now deepened to 6 
feet, and a hole made under the brickwork big gnough to contain a 100 bb. 
charge. It was then well tamped up and fired. Its effect was excellent. 
All the brickwork of the wing-wall was got rid of, and a crater about 30 
feet in width at the top blown out in the point of the bank that was re- 
quired to be removed and which was one of the chief causes of the whirl- 
pool, so that the next rise of the river was sure to carry it all away. The 
following day an old pucka ghat opposite to Berhampore was entirely 
broken up with three 20 fb. charges, and an enormous quantity of old 
bricks thrown into the river. 

The last operation was undertaken on the 18th June, and consisted in the 
blowing up of a very large ghat opposite to the Nawdb of Moorshedabad’s 
palaces. Theriver during successive rains had cut into and underneath the 
steps of the ghat, bringing down large masses of it into the river, where 
they formed most dangerous obstacles to navigation, and a whirlpool being 
formed here in the angle between the bank and fallen maguury, the current 
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was deflected across with great force to the opposite side of the river, 
causing considerable and yearly increasing danger to the grounds in front 
of the palaces. As much as 2000 to 3000 rupees seems to have been 
annually spent in preventing the encroachments of the river on the Moor- 
shedabdd side, and many attempts had been made to get rid of the prime 
cause of all this mischief, by blasting, but hitherto without success, Hav- 
ing no jumpers or mining tools with me, and being unable to procure any 
from the Public Works Department at Berhampore, I was obliged to capry 
out the work in a very rough way. Dcep excavations were made under 
the three largest masses of masonry at about 25 feet apart, and into these 
were introduced three 50 tb. and one 20 tb. charges of powder connected 
up in divided circuit. The charges were all well tamped up and fired. 
All the masonry was broken up completely so as to be easily removable 
afterwards by coolie labor, which was all that was required. 

On the 19th June the detachment of Sappers was sent back to 
Roorkee by rail from Azimgunge, after having worked most excellently 
with me for more than two months, during both very hot and rainy 
weather, and often under the most trying circumstances, being sometimes 
for two days together without food, and wading about for the most part 
of the time up to their waists in water. 

The boatmen having all absconded, the Sepoys most willingly took 
their places, and I never had in consequence the slightest difficulty on 
that score. 

The remainder of the party reached Calcutta by rail on the 20th Jane, 
having been absent nearly eleven weeks, during which time over 250 miles 
of river had been cleared of all obstructions that had previously existed. 

The time would have been, however, much shorter had it not been for 
the delays experienced in obtaining the required stores from Calcutta. 

The conclusions to be drawn from the foregoing notes, are, that large 
trees lying in shallow water require charges of 50 tbs. of gunpowder and 
upwards for their effectual removal; but that where there is plenty of 
water, and the trees are not very large, 20 tbs. is sufficient. 

For these small charges it has been seen that the common earthenware 
ghurrah answers admirably, only one failing out of nearly one hundred 
fired, and I think that under similar circumstances it would be advanta- 
geous to use them as they are incxpensive and obtainable in nearly every 
village. 
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The charges ysed might in many cases st first. have teens no sdodbt: 

made smaller with advantage, both as regards safety and economy; but. 
as speed was the great object these were not so much thought of. 
‘The safety with which compressed gun-cotton can be carried ‘about in 
a. dry state, and subjected to great variations of temperature was demon- 
strated ina marked degree. A considerable portion of the gun-cotten 
taken with the party was subsequently brought back to Caleutts and used 
in blowing up a wreck at sea, and it does not seemto have at all deterio- 
rated, althongh it was exposed in simple open, wooden, tin-lined cases in 
camp throughout the whole of the hot weather, and part of the rains. 

For the removal of masonry under water, it is not necessary to place 
the charge underneath the mass, which is often impossible; a large charge 
alongside it being generally quite sufficient to break it up pretty effec- 
tually where there is a sufficient head of water. Smaller charges can of 
course be easily used afterwards, whenever required, and for these small 
charges gun-cotton is very effective, as it can be so easily introduced into 
holes and crevices in the end of a bamboo, where it would be impossible to 
get any but the smallest charges of gunpowder. 

It will, however, be of little use removing snags from rivers and streams, 
unless the officers in whose charge they may be, are empowered to pre- 
vent their rapid re-formation by removing growing trees from too close a 
proximity to banks liable to be cut away by floods during the rainy season. 

: A. 0. G. 
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The material and appliances used in the clearing of these two rivers, 
although not in the possession of every Executive Engineer, or Civil Officer, 
are cheap, and with the exception of gun-cotton, easily procurable. 

The fuzes employed were those known as “ Detonators, electric, Abel, 
submarine,” and “ Detonators, electric, platinum wire,” both of which 
are specially intended to be used with gun-cotton primers. The first of 
these is a chemical fuze, and is adapted to the electricity obtained by 
friction, or to the momentary induced currents, derived from permanent or 
électro-magnets, or an induction coil. It can also be ignited by the direct 
Voltaic current; about 60 celle of Daniell’s, or 80 cells of Grove’s, battery 
being necessary to overcome the resistance with certainty Although 
the whole of the fuzes which were sent to Maldah were successfully fired 
with the dynamo-electric machine, yet subsequent experience with this 
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shel tin shin that they are in no way to be a? pas Spot ane 
‘are certainly not adapted to this country. 

Nor ate the various other forms of chemical fuze to be much relied | 
upon, unless the ‘priming material has been freshly made up, as it is so | 
very liable to deterioration in a hot or moist climate. 

The following fuzes are however i good, and may be easily sete: 
porized : — 

A small cylinder, Plate XXXVL., Fig. 1, of hard wood or cork, about 
£-inch in diameter and g-inch thick, is provided with a groove a, round its 
circumference, and two perforations 4, b, about 4-inch apart, of a suitable 
size to receive two moderately thin pieces of copper wire (about 18 B. W. 
Gauge being a convenient size). One extremity of both of these wires is 
sharpened with a file, and then converted into a hook, the head.of which 
is afterwards flattened, as shown in Fig. 2. | 

The straight ends of the wires are then passed through the holes in the 
cylinder, and the flattened heads are fixed in the wood by driving the point- 
ed extremities into the latter. In this way the broad thin metal surfaces, 
which form the poles of the fuze, are fixed in a parallel position on the 
surface of the wood or cork, and should be as close together as possible, 
without actually touching. This arrangement is shown in Fig. 3. 

Before, however, the wires are thus placed-in position, the surface of 
the cylinder, upon which the poles are fixed,-is brushed over lightly with 
a feather tip or hair pencil, which has been dipped into a solution of or- 
dinary photographic collodion. When the poles have been fixed into the 
cylinder thus prepared, the small surface of wood which intervenes between 
them is coated with graphite, by drawing a pointed black lead pencil 
across it two or three times, A cap of thin paper is then tied round 
the cylinder, a, Fig. 4, so as to enclose the poles of the fuze; this cylin- 
der is filled compactly with fine grain gunpowder and = open end is. 
then choked as shown at b, Fig. 4. 

. The protruding wires of the fuze, c, c, Fig. 4, which serve to connect 
it with the conducting wires, are coated, to within a short distance of 
their extremities, by moulding ordinary beeswax round them with the 
fingers, and then tightly wrapping the wax over with thin strips of tape 
or rag of. ‘any. kind, which is secured at the end with thread.- The entire 
‘faze, except'the bare ends of the wires, may be then. —— over with ae 
varnish or. lacquer, which may be at hand, he 1a * 
VGle IVi—=GMCOND BERIEY, a em: | 
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This fuze may be fired by meana of a voltaic battery of sufficient power 
or by Wheatstoiie’s magnetic exploder, the former of whieh generates a 
continous current, and the latter a rapid succession of short currents, 

It would rarely be fired by means of a frictional or othér machine capable 
of producing a single discharge only, because, in order to produce the 
necessary heating power, 8 continous passage of the current through the 
plumbago bridge, is-essential. In using this fuze, it frequently happens 
that a short interval elapses between the closing of the electrical circuit 
and ignition, this time being required to produce the necessary amount of 
heat alluded to. 

Another form of fnze is similar in general construction to the above 
but differs in the composition of the bridge. For plambago, a mixture of 
powdered charcoal and rosin is substituted; and this produces a faze that 
tests well, and is very certain of ignition. The above fuze is the invention 
of Oaptain Fisher, R.N. 

The ‘detonators, electric, platinam wire ” faze used are shown in Fig. 
5. They are precisely similar in outward form to Abel’s chemical fuze, 
and the only difference is, that the bridge consists of ,3,-inch of thin plati- 
num wire, weighing 1:6 grs. to the yard, instead of the chemical mixture 
of graphite and fulminate of mercury in the latter. Platinum wire fuzes 
possess numerous advantages in their employment in any subaqueous work, 
and the following may be cited :— 

1st.—Great facility in testing the fuze, which offers only a very slight 

resistance to the passage of a current of electricity, and which 
resistance is not liable to alteration on account of the metal of 
which it is composed. 

Snd,—Non-liability to deterioration on account of climate. 

8rd.—It can be easily improvised, and the materials of which it is com- 

posed are simple. 

4th.—It does not require the very high insulation in the conducting 

cable, which is necessary when a fuze, fired by a current of 
high tension, is used: and it may be fired through 9 cable in 
which a comparatively large fault exists, 

5th.—There is no danger of an accident during the prucess of testing, 

for which purpose more powerful batteries of Dapiell’s or any 
other form may consequently be safely used. 

The dynamo-electric machine used for firing the high tension fuses 
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7 “was aoe by Mr. Ladd, of Beak Street, London, and is a very compact 
and useful instrument. + Fig. 6, gives the general arrangements of the 
instroment; aa are two soft iron bars, round wich coils of fine insula- 

‘ted wire 5b, are wound, in metallic connection through a commutator, with . 

- the oil of an armature c, revolving between their extremities. When 

the armature ¢ is made to revolve rapidly, the residual magnetism in the 
soft iron bars aa induces a series of cnrrents of electricity in the coils of 
the armature. The currents thus induced in the coils of c, circulate. 
through the coils 54, and increase the magnetism, which in its turn re-acts 
on the coil c, and induces a stronger series of currents, and the result is, 
that the two bars aa become very powerful electro-magnets, the poles of 

. which are so arranged, as‘to be opposed to each other at their extremities. 
Now, instead of discharging the current thus induced through the work- 
ing cirouit, to fire fuzes, which necessitates beginning again to create a new 
current, a second armature d, revolving between the soft iron bars is in- 
troduced, and from this is obtained the working current; the magnetism 

- of the bars is thus always kept up. 

The employment of any machine similar to the above, necessitates ab- 
solute insulation of the cable. | 

The firing power used with the platinum wire fuzes was an ordinary 
“ Wollaston’s Sand Batttery” of 12 cells. It is shown in Fig.7. The 
cells are of wood in the form of a trough, with wooden partitions between 
each cell, and the inside is lacquered with a mixture of shellac and gutta- 
percha, The plates are of the ordinary size, 34” x 44”. They are alter- 
nately copper and zinc, connected together in pairs, by copper strips rivetted 
and soldered to them, The zinc plates are amalgamated with mercury, and 
the cells filled with fine siliceous sand, moistened with eu peene acid di- 
luted with water in the proportion of 

It acted very well for the purpose connie of it, as it was suetle of 

. developing a large current. when first made up, but it has the disadvan- © 

tage of ‘being inconstant, and of quickly losing its electro-motive force. 
~The liggid too, dries up very rapidly by evaporation when used during : 
the hot weather in the open air, and a small quantity of diluted acid 
~phonld always be kept ready to moisten the sand with,. and: should. be 

- poured down the gattapercha tubes inestiot in each cell and extending ; 

— to. the bottom. po. | 

~~ By thus introducing the fresh acid at the bottom. of the odll, ee the . 
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heavy sulphate of zinc gravitates, a more regular action is obtained. If 
the sulphate of zinc be allowed to accumulate in the lower part of the cell 
@ cross voltaic current ig established, between the upper and lower por- 
tions of the plates, which are in solutions of different strengths. The, 
effective current in circulation is thus diminished, and the upper portions _ 
of the zine plates are rapidly dissolved away. The sand is used to pre- 
vent the acid from spilling, when the battery is moved about; it tends also — 
to make the action of the battery more regular; but it should not contain 
carbonates, such as carbonate of lime, or a chemical action takes place 
with the sulphuric acid which is detrimental to the battery. 

The electric cable used, which is very suitable for the purpose, is 
called ‘“‘Seven Strand Hooper’s Core.” It consists of a strand conductor 
of seven No, 22, B. W. G. copper wires, tinned, the electrical resistance 
of which is 10 Ohms, nearly, per statute mile. Over the conductor is a 
thin coating of raw indian rubber, then a thin coating called a separator, 
of indian rubber mixed with oxide of zinc; over this is a thickness of 
vulcanized indian rubber, and the outside is protected by a layer of indian 
rubber felt. 

It has high insnlation, flexibility, and capability of withstanding dry 
atmospheric heat. Figs. 8 and 9 give an elevation and section of this 
cable. 

The following Table gives a list of the materials required in removing 
‘snags, &c., their prices, and the places from whence they can be most 
readily obtained both at home and in India :— 
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Acid, sulphuric, per B., 
Beeswax, _»_:|_-01 1 9h ol1s 
Hooper’s Ca- 
Core, Hooper’s, 7(] gs! ol of) bie’ Compa-(862|"8 
Strand, per mile, ny, Mitcham, 
Copper, sheet, per cwt., | 4) 0) 0 mr 52] 0 
‘ Mr. Ladd’s, 
Peet Geter 100} 8111 6/2 Beake Street,| 43/13 
rine, Abel’s, per 100, London, 
» » Platinum wire,; 3/10) 10 Do. 43/13 
sar Ta iacaa a 1} ofa} 9| == Do, 8! 0 
Gunpowder, per barrel 
of 100 Ihs., @eteol eo ee 20 0 
Messrs. Pren- 
Gun-cotton, per fb.,{ 0) 2) 0, tice and Co.,| 1) 2 
Stowmarket, 
Guttapercha, 5: Nie all aes ce Parcel 1 6 
ercha and 
elegraph 
Lead, red, dry, per cwt.,| 1] 0} 0} { Works,North) 7/15 
Woolwich, 
» white, ground, ,, 1; 5} 4 1¢] 1 
Machine, . Dynamo}! io}10) 0 "Boake Street, 
eP the e 
electric, Lenton. 
Pitch, per cwt,,| 0} 8 6 ws O11 
Rosin, » 0} 6| 6 oe 5) 0 
“‘etedamtlact| of] a) Reto 
oer, g rth | 2 
joints, per tb., wich, ue 
Tape, indian rnbber it o| 21103 Do. ilo 
Tabi 4" indian rub- 
ber, per 10 feet, 0} 3} 9 Do. 9] 0 
Wie coppt, Na 23) ee feel se ee 1 0 
cop 0, . 
WE Wea, pet; 42 i| 4 
” phirende 08., 110) 0 ee 15} 0 
Zine, sheet, 15 B. mo 
G.,, per ewt, | i 0 | 20| 0 


graph Stores, 
Alipore, Cal- 
cutta. 
0 Do. 
Arsenal, Fort without spe- 
cial sanc- 
stion. 


William ,Cal- 


Not issuable 
ae 


‘| i ieee “Tele- 


graph Stores. 
Any Arsenal. ' 
. Not issuable 
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FLOATING SPURS FOR RIVER TRAINING. 


Memorandum on the use of Floating Spurs in Training Rivers flowing 
ts alluvial sol. By Lieur.-Cot, H. A. Browntow, R.E., Supdg. 
Engineer, Irrigation Department, Punjab. 


Tue object of the floating spur is to imitate the action of weeds in flow- 
ing water, and by checking its velocity to bring about the deposit of silt 
in any channel which it is desired to close. The advantages of the sys- 
tem are, that the flow of the water is only checked and not totally ob- 
structed, that all violent action and scour along the face and at the toe 
of the spur are thereby avoided; that as silt is deposited in the channel 
the hydraulic mean depth and velocity of the stream are decreased, so 
that the work helps itself on: that the change effected is gradual, giving 
the water time to scour itself out a new channel, whilst the old one is 
being closed ; and, finally, that the river is made to do the work of filling 
up its own channel, which, if merely closed off by a solid embankment, 
would always remain unfilled and a source of danger. 

‘The construction is very simple. A stout hawser, of length equal 
to three or four times the depth of 


eS === the stream, is strongly fastened - to 
cece ae pee ee an anchor at one end, and to a buoy 
--—- zr Sat the other, and to it are attached 
w&e : 3 branches and brashwood, or. small 
‘tages Anchor 
a trees a ie ‘be = to it Ka theie 
| _ batts. | 


© Zhe anchors may consist of concrete blocks or of crates or song. nets 
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fall of kunkur and brick bats, and should be heavy enough when im- 
mersed to resist the drag of 
the current on the streamer. 
They can be sunk in line with 
fair accuracy from a derrick 
in the bows of a boat, should 
the water be too deep to ad- 
mit of their being filled and 
closed when in place. 

The buoys can be omitted 
if the current be very strong 
and likely to carry away the 
streamer. The latter would 
then lie dioug the bottom, powerfully checking the bottom velocity and 
rapidly reducing the depth of the channel by the deposit of silt. Where 
buoys are used, it might be advantageous to keep each adjacent pair 
apart from each other by light rigid connecting rods B C, D F, so as to 
prevent the streamers from getting twisted together. © 

The streamers should be bushed more heavily at the bottom than at the 
top in order to prevent under cutting, and be placed closer together at the 
heel than at the toe of the spur. The portion of bank AE should be pro- 
tected with especial care, so as to guard against the water cutting round 
the heel, or into the bank below the spur. Rough pitching of a sloping 
bank, or hanging trees, head downwards, from the crest of a vertical bank 
will ensure its protection. 

The alignment of the spur can either be perpendicular, or at an incli- 
nation, to the axis of the current, for the water passing freely through 
the spur, no violent set is imparted to the stream and no scour takes 
place along the up-stream face or at the toe, On the Satlaj, the streamers 
were successfully used in lines parallel to the bank, and a foreshore may 
thus be. created to a perpendicular bank that is being undermined. _ 

| Spurs on the above principle have been tried with success on the works 
for training the river Satlaj above the State Railway Bridge at Adamwa- 
han near Babéwalpdr. Much interesting information on the subject, is 
‘given by. Mr. Graham, the Exec. Engineer in charge of Training Works 
in his ‘Report, which was published in the 16th Quarterly number of the 
_ “ “ Professional — of Indian a as Article No. OLIL 
a H. A. B. 
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BULL’S SEMI-CONTINUOUS BRICK KILN FOR COAL. 
| XXXVIL}. 


By W. Butt, Esq., Resident Engineer, Oudh and Rohilkhand Railway. 


Tas process, hereafter described, combines in itself three methods of 
obtaining heat, viz., by horizontal firing with either wood or coal, as in a 
flame kiln ; by vertical firing with small coal, as in Hoffmann’s kiln; and 
by distributing a certain portion of fuel amongst the bricks to be burnt, as 
in a coal clamp. 

The kiln is a long chamber, the bed of which is on a slope, the length 
very much greater than the width, both of which are variable and deter- 
mined by circumstances, as shown below. The chamber may be dug out 
of the earth, may be built (of either kucha or burnt bricks set in mud) 
on sloping ground above the level of the surface, or may be a combifiation 
of the two, being partly dug and partly built up. The side walls only 
of the kiln are permanent, the wall at Jower end being built up, and taken 
down each time the kiln ie fired, and the upper end being closed by leose 

‘bricks (forming part of the load) plastered over with mud, as explained 
| farther on. Whether a brick lining is required for the earthen sides in 
the kiln, or part of kiln below surface, must be determined on in each 
case from consideration of the nature of soil, &c, The only additional 
_. brickwork required is in forming the flues at lower end, which extend but 
 « short distance longitudinally, the remainder of the kiln being ‘imply. &. 
- plain sloping floor with perpendicular sides. The accompanying Plans. 
and Bections, show the general form of: Hp, and d meet’ of f sting the 
pica. oes 
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The Ror of the kiln-being on an inclination, such s strong Arwtight ix 
ogused, thet the whole of the fosl used, buras in a most effective manner; 
4 greater ‘duty’ is consequently realized from it, than can possibly be the | 
tase in the slow burning clamps eo commonly used, The waste heat from 
the fael in burning and from the hgicke burnt, is all gently forced forward 
and utilised to the utmost extent, This being done without any chimney 
fines and chambers (except in the brick themselves), or dampers, gives & 
simple and economical form of kiln. We thus have combined in this 
system—-economy in first cost of kiln, economy in fuel and quick delivery. 
it iss surprising fact, but one which can be vonched for by many who 
bave seen this kiln working, that notwithstanding the very short space 
of time allowed to elapse between firing and unloading, the bricks are 
perfectly sound and ring like metal. Owing to this quick delivery,a kiln 
to hold two and-a-half lakhs can easily be burnt twice ina month. A single 
kiln should, therefore, turn out, taking 80 per cent. (two lakhs per kiln) as 
serviceable out-tarn, 80 lakhs pucka bricks in a season. <A kiln of this 
size should cost Rs. 250 as a maximun, if half excavated and half built as 
shown in Plate, Two such kilns, with a longitudinal wall separating them, 
worked together, will be found most convenient, as the fuel pipes and 
covering can be moved from one to the other as required. Constant work 
is also found for the men firing, and also a continuous supply of bricks. 

The width of kilns would depend on the thickness of the bricks, and 
should, for reasons which are hereafter shown, be equal to the thickness 
(on edge) of 70 or 118 bricks. The length will be according to ciroam- 
stances. On sloping ground, the kiln may be entirely éxcavated from the 
gtéund at a very low cost. The longer a kiln is, 46 @peater the economy, 
aa along kiln only takes the same fael to start it as a short one. 

The kiln iu worked as follows :—The flues at the lower end are first 
‘yet ap for ae the half chamber. Then the bottom flues between the half 
ehomber end the Srd chamber, including the pocket course. This is shown 
tit he 4th patt of the plan, Between the half chamber and the let and 
Bad chaibers, the bricka, as shown in plan 55, are then set with « pocket 
overt over all. This pocket curse spens the half chamber, (aithongh the 
feat tee aid wot,) and rons on over the flues quite up to thé end wall, 
oe i hotind Henk, with the first pocket coutee, should now be eet between 
poe ae Site chambers. Then 9 second Inver on she wall beterden the 
se Sek NA, Ghttied, quite up to the ond, ax chowa in wogtion. "The men 
'* $bits atemdinonkn sxRres, Pe a1 
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then go back and recommence between the 4th and 5th chambers, and 
bring that layer up in steps, and so on, until the section takes the form 
shown in the sketch. Loading is carried on in this manner up to the end, 
which is carried up vertically. Outside, a single brick casing is to be set 
for one-third the height, precisely the sgme as the bricks loaded, and above 
that set close. The whole is to be covered by a brick flat, over which, 
after setting the feed pipes (by simply placing them over the right pair of 
spanning bricks, and putting a dab of clay round them), is to be spread 
a few inches of earth or ashes, care being taken to prevent any going 
through the bricks by smearing a little soft mud over the interstices. 

In the pocket courses over the flues, three complete rows of pockets at 
the lower end should be filled with coal in every course, and every alter- 
nate row after that. The object of this is to ensure the bricks over the 
flaes being burnt, as the draught is so great that they get very little 
heat from the firing. All the pockets between the chambers in the lower 
course should be well filled with coal, and after the 8th chamber, all the 
pockets in the 2nd course. This leaves less to be done by firing from the 
top, which is more troublesome than simply distributing the fuel amongst 
the bricks. : 

In the pocket courses, every alternate pair of bricks spans the chamber, 
beginning with a different pair in the 2nd course, so that below each pair 
of apanning bricks, there is a space through which the coal drops. This 
will be best seen in the cross section. The result of this arrangement 
is, that the coal fed through the pipes is divided and distributed over 
a considerable width. With the exception of a few at the top, where it is 
not required, every pair of spanning bricks intercept some coal every 
time it is fed, in exact proportion to the quantity consumed in the inter- 
vals between the feeds. The coal not thus absorbed after being ignited 
by contact with the already burning fuel on the spanning bricks, falls with 
the nicest regularity along the whole chamber across the kiln, and being 
acted on by a constant draught through the lower flues, burns completely 
away, leaving nothing but pure ash. The perfect diffusion of heat. over 
the entire section of the kiln by this arrangement is manifest. Another ad- 
vantage resulting from this method of setting is, that the higher the bricks 
are loaded, the smaller the number of feed holes required, owing, of course, 
te the great spread of the coal. I would not, however, recommend the 
bricks to be loaded more than three higher than shown in section. In. 
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place of seven feed holes, five only would be required with « proportion- 
ately larger feed. The section shown admits of 70 bricks; with the same 
height loaded, the feed holes will be from centre to centre thus, 3 + 8 
of 12 + 12 +12 + :12 + 8 + 8 = 70 bricks. With three bricks more, 
they will similarly be thus 3 + 16 + 16 -- 16 +16 + 8 = 70 bricks. 

The top pocket course in the latter case should be the same, but 
the bottom one will be the same as the second course shown in the 
Section. . ° 

Ist. Firing the flues below. —When loading has been completed as fat 
as 25 rows of feed holes, firing can be commenced, taking it for granted 
that loading will proceed at the rate of six lines of feed holes daily. If 
this is not certain, a greater length must be completed before starting, or 
the steam and smoke will interfere with the men loading. The fires should 
be started from the wall flues, working towards the middle and fired agead- 
ily, keeping the fuel as much as possible int be mouths of the flues, unless 
there is a very strong wind flowing into the mouths of the flues; they can 
be kept open from first to last of the firing below if with wood and coal 
after the heat is over well established. The object in both cases being 
to get the heat in the bottom flues up until the bricks are at as great 
heat as possible without vitrifying, and keep it up until the first row of 
feed holes on the top is ready to close, after which it would be slackened 
down for 24 hours, and then entirely stopped. 

2nd. Firing the kiln from above-—This can be commenced when the 
bricks up to the 8rd or 4th line of feed holes are red hot from bottom to 
top, which will be in 20 to 36 hours, but less in the hot weather. The plan 
to be acted on being, that in no case should a line of feed holes be started 
until the coal ignites freely on being dropped. The first line having being 
commenced, a second one can be started after three hours. By adopting 
this rule, the starting and closing the feed holes will proceed regularly, as 
it has been found that six rows firing at the same time are sufficient, and 
that the first row will be sufficiently fired in about 2C hours. No exact 
time can of course be given for closing a line of feed holes, the settlement 
of the bricks being the safest guide, but as the heat is carried forward so 
very fast, the settlement in front of the 2nd row of feed holes should be 
observed, if the earth on the top is spread level. This will easily be 
seen, and if not, it is a good plan to have a brick set level with a work on 
the side of the casing, so that by stretching a line across, the settlement 
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oan be exactly observed. An inch will generally be sufficient, but more 
or less may be required according to circumstances. 

8rd. Arranging for the draught.—This must be done according to cir- 
cumstances, bearing in mind that a free draught should always be allowed. 
It is done by covering or uncovering as the case may be the feed holes 
at the top. By allowing the smoke and waste products of combastion to 
escape at a temperature in which the hand cannot be borne, a sufficient 
draught will generally beensured. If the wind is blowing against the kiln, 
or there is no wind at all, six lines of holes in advance of the last one being 
fed, should be kept covered, but more can be so if the wind is blowing into 
the mouths of the flues below. Except under special circumstances, the 
rule I have found to answer has been to cover each line of feed holes by 
a brick or one of the covers on each pipe as the steam is driven off until 
firing 1s commenced at the top, and after that to keep six lines covered 
in front of the last one firing. To draw the heat to the sides, it may be 
advisable to keep all the side feed holes open, except those firing and one 
beyond, especially with a new kiln. From the action of a wind; should 
the heat be driven so as to burn one part more than another, which can 
be seen from the settlement, it may be necessary to close a single feed 
hole or more in a line, before the whole row is ready. Starting the feed- 
ing of anew row should, however, be in a complete line, so as to bring 
the firing back to the regular number as soon as possible. Three days 
after firing below has been stopped, the loose brick on the lower flues wall 
should be taken down, and as the lower end of the kiln cools, the bricks 
should be unloaded, so that a sufficient draught may be admitted. Un- 
loading can be commenced a week after the kiln has been fired. 

For six courses of bricks, as shown in the Section, intercepting the coal 
fed from the top, 1} tbs. at each feed will be sufficient, and should be given 
every quarter hour regularly, having started each line with six measures 
to each feed hole. Care should be taken that the earth is spread evenly 
over the top of the kiln, one inch below the top of the feed holes, a little 
sand or ashes spread round the pipe will then ensure the cover settling down 
80 as to keep in the heat, which is a most important point. The covers 
should only be removed for as short a time as possible whilst feeding, 

The pipes should be six inches long by four inches interval diameter, 
and the covers six inches interval diameter and two and-a-half inches deep, 
with vertical sides, and a small hole in the middle for lifting them. Both, 
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if well burn burnt, wil] do several times. If not, they give trouble by con- 
stantly breaking. Cast-iron covers if available are best, but the pipes can 
be of earthenware. If the lower flues are fired with wood, the ash flues 
will hardly require raking out at all; if with coal, they should be raked 
out ounce every 12 hours, and once every three hours the ashes and clinkers 
found should be raked out from the fires. 

The upper end of the kiln should be protected from a wind blowing 
down it, or the draught will be hindered : this can easily be done by tatties | 
or mats. Lines of feed holes are closed finally by removing the covers, 
and putting on each pipe a dab of clay, which should fit tightly down on 
the pipe, so as to keep in the heat fully. 

It may be as well to mention, that the object of keeping up the firing in 
the lower flues after the bricks immediately in front have been burnt, and 
several feed holes above closed, is two-fold. First, to prevent the imme- 
diate cooling down of the flue bricks from a white heat, which must take 
place if the fires are dropped at once. Secondly, to prevent the heat in 
the bottom of the kiln (along the floor) being too rapidly carried forward 
which, if allowed, would result in some of the coal on the floor remaining, 
unburnt- By continuing the firing below cautiously until six or eight 
lines of feed holes above are closed, a perfect combustion of the coal which 
falls on the floor is ensured, and a much better result obtained. Under 
no circumstances should the bricks in the lower flues be allowed to get 
vitrified. This process has been patented, the Agents for the same being 
Messrs. Burn and Co., Calcutta. 

W. B. 
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MOUNTAIN RAILWAY FOR THE NILGIRI HILLS. 


Compiled (by the Editor) from the Reports by Mayor A. nz C, Scort, 
R.E. Under Secy. to Govt., P. W. D., Madras—and Carr. J. L. L. 
Morant, R.E., District Engineer, Nilgirt Hills—annotated by 
Ligvt.-Cou. J. H. Wire, R.E., Deny. Consulting Engineer for 
Railways to Govt. Bombay. . 


[Tar question of ‘“ Mountain Railways” is one of considerable import- 
ance to India, in connection with the numerous English Settlements, 
Military Stations, Tea Plantations, Timber Forests, &c., on the Hima- 
layan Ranges, which form, for many hundreds of miles, the Northern 
boundary of the country,—with the Military defence of the Passes 
leading to and from our North-Western and North-Eastern Fron- 
tiers,—and with other Hill tracts (such as the Nilgiris) in different 
parts of our Indian Possessions. The extension of such systems as 
those of Messrs. Fell and Riggenbach is engaging the attention of Engi- 
neers in most countries of Europe and America; and in regard to these, 
the reader is referred to a recent number (for March 1875) of the 
Annales des Ponts et Chaussées, in which brief descriptions are given 
of all the principal Chemins de fer de Montagne at present in use or 
under construction. The following extracts from the official correspond- 
ence, which has lately passed on the subject of a ‘‘ Mountain Railway” 
to the Nilgiris, will probably prove interesting to the readers of. the 
‘< Professional Papers of Indian Engineering,” and may induce Engineers 
interested in the matter, to take up the question of introducing such 
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Railways in other (mountainons) tracts of the country. As the con- 
struction of the line up the Nilgiris is still sub judice, it is not proposed 
to discuss the project in all its bearings, or to dwell on the action, past 
or proposed, of Government in the matter; nor would it fall within the 
scope of the present paper to reproduce in extenso the very complete and 
able reports, from which this Article is compiled. In regard to the 
report submitted to the Madras Government by Major A. de C. Scott, 
R.E.—which embodies full statistics, aid a careful analysis of the 
information collected “in regard to the existing traffic toand from the 
Nilgiri Hills vid the Coonoor ghat, the charges with which it is at 
present burdened, the prospective increase of such traffic from the 
extension of colonization and cultivation, and under the influence of 
facilitated communication by rail, and generally the prospects of the 
snecess of a railway in a financial point of view ;—the greater por- 
tion which treats of traffic, competition of other lines of communication, 
and other questions of local interest and importance, has been omitted 
as foreign to the scope of this publication, while the extracts selected for 
the purposes of this article are such as bear more exclusively on the 
Engineering aspect of the question, or which are necessary for a proper 
understanding of the subject. In Major Scott’s Report, the discussion 
is directed to four heads of enquiry, :— 
lst.—-The existing amount of traffic on the ghat road, and which 
would be immediately subserved by a railway. 
2nd.—The prospective traffic which would be attracted by a railway 
from other lines of road, or which would be ereated by 
increased facility of communication, and by the natural ex- 
tension of colonization. 
Srd,—The probable cost of various systems of railway as applied to 
the Coonoor ghat. 
4th-—The relative economy of carriage up the ghat by railway, and 
by the existing means of transit as bearing on the possi- 
bility of continued competition between the two systems. 
Of these, the first two heads, having a local and special interest only, 
are here omitted, and quotations are made from the last two ‘heads,’ 
preceded by a description of the Nilgiri District. 
The interesting Report by Captain J. L. L. Morant, R.E., deals v very 
fully with the Engineering details of the scheme: it was originally 
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accompanied by several Appendices, giving much information on the line 
over Mont Cenis, that ascending the Rigi, and other European works ; but 
_the addition of these would have rendered this Article too long, and 
the reader will probably be able to refer to the books and periodicals to 
which references are made in these Reports, as furnishing information on 
the European Mountain Railways. 

The proofs of this paper were submitted to Lieut.-Colonel J. H. White 
R.E., who has had many years of experience in Railways in Bombay, 
and being at Ootacamund interested himself in the subject of these Re- 
ports; and the value of the Article is enhanced by several nutes from his 
pen.— Ep. | 


Extracts from Report by Mason A, pe C. Scort, R.E., Under-Secy, to 
Govt., P. W. Dept., Madras, to the Chief Engineer and Secy. to Govt. 
BP. W. Dept.—Dated 24th April, 1874. 


General description of the Nilgiri District.--The Nilgiri Dis- 
trict includes the elevated tract of country which is bounded by Mysore 
territory and the Coimbatore District on the north, by the Cuimbatore 
District and Malabar on the east and south, and by the Malabar District 
and the Koondah mountains on the west. Its area is about 749 square 
miles, and it is on all.sides, except towards the Koondahs,* well defined 
by the hill slopes which fall more or less precipitously to the country below. 
Although the general characteristic in reference to the surrounding coun- 
try is that of an elevated plateau, the surface is diversified by hills which 
assume in some parts the character of distinct ranges. The difference of 
level between the different parts of the country which are included within 
the district is considerable. Coonoor, Kotagherry, Pykarra, Ootacamund, 
and the low country near Mettapolliem, are approximately 5,911, 6,571, 
6,766, 7,361 and 942 feet above the sea level, while the higher peaks 
which rise above the general level, such as Dodabetta, vary in height 
from 7,000 to 8,640 above the sea. The surface in fact consists of a 
succession of rounded hills, valleys and water-courses, the recesses and 
sheltered parts being generally wooded; the a towards the bo 


* The Koondah mountains are an extension of the Nilgiri ranges (ot generally a somewhat 
higher level) but possessing similar features, 
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country densely so, Water is abundant, the climate temperate, slight 
frost at night is not uncommon in the cold seasons, but the temperature 
in the shade never rises above 77°. A considerable area of land 
has been taken up by European planters for the cultivation of . coffee, 
tea, and cinchona. Australian timber has also been planted with success, 
and the cultivation of cereals and vegetables as well as the raising 
of stock is carried on to a considerable extent by the indigenous and 
imported population. There are said to be about 300,000 acres more 
or less fit for cultivation, of which only 60,000 acres have been taken up. 
The population by the latest returns amounted to nearly 50,000 persons, 
and consisted of— 


Europeans and Eurasians, ee oe oe oe 2,135 
Military, .. oe os 500 
Indigenous and Sioported natives of Ini oe we 46,687 
Aboriginal tribes, = ee , a ‘i 635 





Total oe 49,957 


The export of coffee in 1874, including the produce of the Ouchter- 
lony Valley on the north-west slopes, amounted to not less than 4,000 
tons, the value of which, at the current prices, was about £440,000, and 
tke value of the exports and imports together did not probably fall short 
of three-fourths of a million sterling. The plategu is pierced by several 
large streams, and the valleys or ravines by which they reach the low 
country accommodate roads or pathways more or less easy of ascent. The 
principal lines of communication are the through trunk road between 
Mettapolliem and Goodaloor, passing through Kullar, Coonoor, Welling- 
ton (the Military Cantonment), and Ootacamund; the road between 
Ootacamund and Tippoocadoo down the Segoor ghat to the Mysore Dis- 
trict; the new Kotagherry ghat between Kotagherry and Mettapolliem; 
and, lastly, the Sispara ghat leading to Malabar. The first-mentioned 
road is by far the most important, the last is only used by coolies, There 
are also & number of local roads giving access to different estates and 
intersecting the settlements at Coonoor and Ootacamund. The district 
is much resorted to by Europeans from the Madras Presidency during 
the hot season, i. ¢., from April till November, and visitors "from more 
distant parts of the country, Bombay and even Calcutta, are tolerably 
numerous. Coonoor and Ootacamund are now Settlements of considerable 


importance, -and contain a number of permanent European residents, and 
VOL. Vee BECOND - SERIES. 2k 
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the district is rapidly increasing in importance from the extension of 
colonization. 

Probable Cost of a Ghat Railway.—Captain Morant, the District 
Engineer of the Nilgiris, has compiled a useful abstract of the information | 
which exists regarding the cost and working of railways on steep gradi- 
ents, and he has carefully and clearly summed up the arguments in favor 
of the adoption of the system he advocates and now worked on the Rigi 
mountain in Switzerland, and which consists in a central rack rail acting 
as a fulcram for the motive power to work on, with two outer rails as 
guides to the wheels of the locomotive and vehicles. 

The four classes into which ghat railways have bee divided in the 
papers referred to, possess in certain respects, as is there shown, distinc- 
tive features and distinctive advantages or disadvantages. The systems 
treated of are :— 

lst.— Railways of ordinary gange working on inclines seldom exceed- 

ing 1 in 25, and generally limited to 1 in 40 or 1 in 45, 

2nd,— Narrow gauge lines on gradients seldom exceeding 1 in 50. 

3rd.—Steep inclines worked by stationary engines. 

4th.—Central-rail railways with locomotives. 

Disadvantage of Ordinary Railways.—It has been established by 
experience that the first class are very expensive to construct and to 
maintain on a ghat. They must be worked by heavy engines in order 
to secure the necessary adhesion which will enable sufficient power to be 
utilized to overcome the resistance of gravity with a fair load. The road- 
way and rails must be proportionately strong, and at the same time the 
length of line is considerable compared with the gain in altitude, and the 
average gradient sufficiently flat to be much at variance with the ordinary 
natural slopes of a mountain chain, and therefore difficult to trace and 
expensive to work out. Narrow gauge lines are reported to have been 
constructed in Norway at a very low cost, and to have taken considerable 
loads up inclines of 1 in 54, but the data available in this country, which 
is derived from current experience in the construction of the Carnatic 
Railway, and which therefore cannot be impugned, does not support these 
statements of low cost, and the amount of adhesion which must have been 
required to drag the loads asserted to have been moved is so great, that 
it could not be calculated on in the case of the Coonoor ghat, where for 
many months it rains daily. 
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Ynasmuch as the cost of a line is a function of the width of the road- 
way, the permanent way, the bridges, embankments and cuttings, the 
reduction of these widths by the adoption of a narrow gauge, and light 
rolling stock necessarily leads to a saving in cost of construction, but that 
this saving is not so great as has been imagined is evident by a compari- 
son of the outlay on the Nilgiri branch line with the estimate for the 
Carnatic Railway which is now in progress.* 

The evils of break of gauge which such a short branch connected 
with the Madras Railway would entail are noted by the District Engi- 
neer, and they seem to be almost conclusive as an argument against its 
adoption, The disadvantages of inclines worked by stationary engines 
and ropes may be summed up in few words, It is a system only 
suited to short and straight lines, not to long and sinuous ones; dis- 
arrangement of one part of the rope or machinery stops the whole trafiic, 
The wear of the ropes is immense and the friction great, It has been 
generally abandoned. 

Central-rail systems.—The central-rail system seems on practical as 
well as theoretical grounds to be best adapted to the circumstances of 
the Coonoor ghat, and the balance of advantage is certainly in favor of 
the adoption of the Indian standard gauge of 5 feet 6 inches. Both the 
Fell and the Rigi system are fully described in Captain Morant’s report, 
and it is unnecessary here to enter into the details of the construction of 
the lines or locomotive engines. It will be necessary before coming to a 
final decision on the question of which of the two should be adopted to 
obtain thoroughly trustworthy information of the results of the working 
up to the most recent dates of the Rigi system as applied to other moun- 
tains in Europe,f and of the Fell Railway at Cantagallo or the Organ 
mountains in Brazil, I think that CAptain Morant has taken a some- 
what exaggerated view of the cost of the Fell, as compared with the Rigi 


* Are the ciroumstances the same? I cannot help thinking that when the average of many hun- 
‘‘@reds of miles is taken for both the Broad and the Narrow Gauge, that the saving on the side of 
the Narrow Guage will be quite as great as has been imagined. The Nizam’s Railway, constructed 
with great care, and through a country of moderate difficulty only, has cost £9,000 a mile; parts of 
the Hotkar Line, ranning through similar country, have cost only £5,000. Whenever Broad Gauge 
_Mnes have been cheaply constructed of late, the extensions have been throngh easy conntry; the Nil- 
girl Branch and tbe B. B. and C. I. extensions are instances of this.—J. H. W. 

+ Further information regarding the Rigi system, which is proposed to be applied in Switsertand 
to a gradient of 1 in 1240n an international line between France and Austria, will appear in a future 
number. On this proposed Hine the traffic is estimated at about 450,000 tons per annum, and each 
engine lg calcniated to push up a paying load of 60 tons. 
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Railway when placed on the Coonoor ghat, and that a reasonable deduc- 
tion from the data available in this country is that mile for mile the Rigi 
Railway would cost more than the Fell line. Assuming that the former 
is at a gradient of 1 in 7, and the latter of 1 in 12, I would be inclined to 
sum up the advantages of the Fell system as follows :——-The locomotive is 
capable of carrying up nearly twice the load per train which is dragged by 
the Rigi locomotive, consequently it can accommodate more traffic. It 
is adapted both by gradient and by the mechanical principle of its con- 
struction for working at a higher speed than the Rigi locomotive, The 
security ageinst derailment is greater; the brake power can be more safely 
applied, and consequently there is more security. The same locomotive 
can work on the ordinary line with two rails, and the central rail can be 
discontinued and resumed at intervals. Including rolling stock, the line 
is mile for mile cheaper than the Rigi Railway.* 

Comparative advantages of the Fell and Rigt systems.—In the trial 
of the locomotive for the Brazil Railway on the Fell principle, 27 tons 
of paying load were taken up an incline of 1 in 12. The Rigi loco- 
motive cannot take more than 15 tons. On the Fell Railway, a speed of 
ten miles per hour has been worked up to, and by limiting the load, there 
is no reason why a greater rate should not be attained. The racking and 
jar of the machinery which would be induced by working the Rigi ar- 
rangement at speed would be very great, as well as the danger of break- 
age of the teeth of the spur wheel engaged in the rack, The tendency to 
derailment on curves, &c., is instantaneously checked by the central wheels 
of the Fell locomotive. The clutches on the Rigi engine must have play, 
and only come into action in time to resist a dynamical shock, The 
atmospheric break can be as easily introduced into the Fell as into the 
Rigi locomotive, and as regards the axle breaks of the Rigi engine these 
tend to skid the spur wheel, the result of which would be great jar be- 
tween the rack and spur wheel teeth. In short, the whole success of the 
Rigi depends on very low speed. The data obtainable in this country. 


* Are not the objections to the Fell system undcr- estimated ? The impression left on my mind by" 
all the letters and reports which I read at the time the Ilne over the Mont Cenis was working, was 
that the complications of the system led to great wear and tear of the engines, which were inoes- 
gantly in the Shops under repair. Commercially aleo, the plan was a failure-—J.H W. 

An eye-witness thus describes the Fell’s Engines on Mont Cenis. ‘‘ The tear and wear and coat 
of repair of the Engine stock is excessive. Hardly a journey but wanta repair or re-adjustment on 
the Engines. The queer grinding and tugging and straining and squealing of the locomotive and 
carriages as they toil up and slide down the steep inclines bespeaks an amount of repair beyond the 
tange of ordinary experience.” (Bombay Builder, Apra 1869—p 
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favor the supposition that, as before stated, the cost of a mile of the Fell 
line will be less than that of the Rigi Railway. It may be said for the 
Rigi system that the line is shorter than the Fell line when applied to 
surmount the same incline, and that consequently the effect of low speed 
and small loads is neutralized ; that the cost of the whole line is much 
Jess than that on the Fell plan; and that the amount of steam power 
which can be utilized for propulsion is not limited by the variable adhe- 
sion of the wheels to the rails. 

Comparative cost of several Railways.—In the subjoined Statement, 
page 253, the estimated cost of the several systems of railway worked 
by locomotive engines, as applied to the Coonoor ghat, is given 
under several heads of expenditure, and the outlay on the Madras 
Railway, Nilgiri Branch line “constructed in 1869-73, as well as that 
current or estimated for the metre gauge Carnatic line now in pro- 
gress, is added. It is considered that ample allowance has been made 
in the estimate for the greater difficulties of construction on the ghat, 
and that it may be safely considered that these estimates would not be 
exceeded. 

It is to be observed that the calculations of cost rest on data of 
an unusually unexceptionable character, that is to say, on the actual 
cost of work of a similar kind recently executed in this country, and 
chiefly in the same locality; moreover, while the actual quantities of 
iron used on the Madras Railway branch line have been taken into 
account, the cost has been estimated at the exceptionally high market 
rates of 1873. At the rates current when the line was constructed the 
cost per mile was actually £1,000 per mile less than that entered in the 
statement. 

The cost of the earthwork and rock excavation for the present ghat 
road to Coonoor has been recorded, (vide page 252,) and there can be no 
reasonable doubt of the fact that the similar work of benching out the 
incline for the railroad can be executed for the sum set down, and as 
regards the other items, it will be observed that a generally large allow- 
ance has been made for the difficulties of construction on a steep gradient 
and for unforeseen contingencies. It is to be remarked, and it is import- 
ant to bear the fact in mind, that railways in this country can now be 
constructed at rates far below those originally current, when operations 
and contracts were all more or less tentative. 
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Expenditure on New Coonoor Ghat. 








Quantity.| Particulars. Rate, Per. | Amount. 





1.— Benching out. | 
RS, A. P, RS, A. P, BS. A, P. 


¥ 
827,655 iCub. yds. earthwork, Ist class, 0 : ae ya.| 56,192 12 3 
to é 
102,643 My = 2nd _,, 0 38 6 4, | 22,458 40 
88,337} 3 4 8rd class, 0 4 6 4 {10,782 7 0 
14,2192], » 4th , 05 G4 | 4888 00 
16,379 » raising embankments, 0 : 6! 4, 4,429 4 6. 
to 0 
$7,307}; ,, blasting and removing e 
rocks, ~ as ~~ 2 0 GO 4 {80,821 12 0 
to2 8 0 
16 {Mile stones, = ss 7 8 Oeach; 120 00 
16 |Miles check channel, .-| 147 5& O, mile! 2,356 14 0 
16} ,, levelling the road, 300 0 OF » 4,800 0 0/1,86,844 5 9 


er 2 





2.—Revetments and parapets. 


47,198 |Cub. yards revetment and 
parapets, .. ‘6 a 012 Ole. yd. 41,021 12 0) 41,021 12 0 





tolb O -_— 
3.— Bridges and Drains. 

1 |Timber Bridge 70' span, ..|7,600 © Oj each] 7,600 0 0 
Pie os, » 56 , «15,140 0 Of » | 5,140 00 
ib. 2 » 40° ,,  ..{3677 0 O » | 8677 00 
5 | i ye O56 | 982 0 O >» 4,910 00 
6! , » 1 , | 500 0 OF » | 3,000 00 
25] ,, » 12 4 «| 375 8 OF » | 9,887 80 
9 {Drains 8’, .. aes --| 400 0 OF » 3,600 0 0 
44 (Stone covered drains, > 168 0 DG 5 7,892 140 
27 , ip .| 125 0 Ol » | 3,875 00 
16 z s ..| 100 0 OF » | 1,600 00 

228 (Common drains, .. oe 14 QO 

to25 0 O} >» 5,402 0 0) 65,084 60 


| 





4.— Metalling. 
- {13,8388 18 6) 18,338 18 6 


CELE OOP ELL” 


e 


18,808 |Cubic yards metalling, .. “ 


Compensation for land and 
sundries, 6 ee oe ee ve ee 29,628 0 0 


emeomeyyfhwn eqamenspees | TNR ve | canseete EE setemenrt | meena eanneenS 


Grand Total, ..| + i »-  (8,28,017 88 
Or average cost per mile, 
Rs, 20,810. . 
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Relative Economy of Railway and other Carriage,— Compara. 
tively few years’ experience in working the railways in the plains has 
shown that the ancient modes of carriage and communication compete 
with them in this country under circumstances, and to an extent which 
had certainly not been anticipated when estimating the probable returns 
on the capital invested. The lesson has been taught that it is necessary , 
when attempting té make such forecasts to ascertain and take into con- 
sideration the circumstances of the carriers which may favor them in their 
competition with the railway, and to make allowance for the prejudices of 
the people and their distrust of new modes and methods which are attempt- 
ed to be introduced. The periodicity of the rainy and dry seasons creates 
an interval, comprising several months, during which agricultural opera- 
tions are practically suspended. ‘The farmer has to maintain his live 
stock, and in reality also his laborers, who under the patriarchal system 
prevailing in the village communities, are attached to, and dependent on 
the ryots throughout the year. To yoke his bullocks to a cart and to 
employ them in the carriage of his own produce or that of others to a 
market is the natural resource of the cultivator, and during the dry 
season it is obvious that it would pay him so to employ them with a 
return merely equivalent to their bare subsistence. Where, as in these 
cases, time is of little value, and for moderate distances, the railway in the 
plains can offer to the native few advantages over the primitive mode‘of 
carriage, and, moreover, the customs and feelings of the people are in 
favor of the latter, as they retain throughout the custody of their own 
goods, and the cart is only set aside when the gain of transit by railway 
is palpable and substantial. . 

Nature of inquiry necessary.— When prosecuting, therefore, an inquiry 
into the prospects of a ghat railway as a remunerative enterprise, it 
is necessary to ascertain, as far as possible, the actual cost to the 
carriers of the present modes of transport, and the conditions under 
which they work, and, moreover, to institute a comparison with these 
methods and transit by railway as respects necessary or minimum charges, 
which in both cases would yield a fair profit. Such an inquiry is attend- 
ed with considerable difficulties. Accounts respecting the circumstances 
of the carriers differ, and it is not easy to obtain thoroughly reliable 
information respecting their average outgoings and returns. 

As respects the railway, the estimate of the cost of construction, and 
to a considerable extent of maintenance also, must rest on hypothesis. 
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Enough information has, however, been obtained to establish the fact that 
the profits on the carriage of goods at present rates, though considerable 
when considered in relation to the capital outlay represented by the cost 
of the carts and live stock used, form but a comparatively small portion of 
the charges which are largely made up of outgoings not susceptible of 
reduction. The hardships entailed by exposure, and the wear and tear of 
cattle, and the unequal division of traffic, of which three-fourths is in an 
upward direction, thus preventing return loads from being obtained in the 
majority of cases, are all circumstances rendering a reduction of charge to 
any material extent impossible.* 

Cost of maintenance and working of a ghat railway.—The cost of seve- 
ral systems of railway as applied to the Coonoor ghat, together with 
that of an extension of the present line to Kullar, has been estimated 
above (vide pages 251, 252, 253), and it is now proposed to show what the 
cost of maintenance and working would probably be in each case, to derive 
therefrom and from the capital outlay given above the annual charge, 
which will be considered to be 5 per cent. on that outlay in addition 
to the cost of working, &c., and to deduce from the data thus obtained and 
the annual existing traffic the charges on that traffic which must be made 
to meet the annual railway charge. A comparison of these with the 
existing rates for carriage up the ghat will indicate pretty clearly what 
are the prospects of the success of a railway in a financial point of view. 

The cost of working and maintaining the existing Madras Railways 
is shown in the most complete detail in the half-yearly accounts, and it is 
only necessary to apply the charges under the several heads to the case of 
the ghat railway, with the due allowance for the circumstances, in order 
to arrive at what would in all probability be the annual expenditure. The 
difficulty lies in estimating the allowances required. The annexed State- 
ment shows the expenses incurred annually on the North-West and 
South-West branches of the Madras Railway, derived from current returns, 
and under the several heads those which it is estimated would attend the 
working and maintenance of the system described in the first column. 
Consideration has been given to the effect of heavy gradients and 
special construction in increasing the wear and tear of permanent way and 
the expenditure of fuel, while the economy of working, as compared 


* The Railways have not yet beaten off all the traffic down the Bhore and Thull Ghat roads; not 
very much comes down the Thull Ghat, but there is still a considerable traffic to Bhore Ghat. But 
as the height to be overcome in the Coonoor Ghat ismore than double that of the Bhore and Thull 
Ghats, there are grounds for believing from a comparison of the two cases that the Coonoor Rail- 
way would run the traffic off the existing road —J. H. W. 
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with the Madras Railway consequent on low speed, absence of all night 
traffic, smaller ton and train mileage, &c., has not been lost sight of. 
The estimates of total annual expenditure will, it is thought, fully meet 
all possible contingencies. 

Total annual charges and resulting rates.—In the succeeding State- 
ment the capital outlay for each of thé several species of railway lines 
from Mettapolliem to Coonoor, and the annual charges for interest thereon 
at 5 per cent. per annum, are entered, as also the maintenance and work- 
ing expenses from the previous Statement. The total annual charge is 
thence derived as well as the tariff of rates per ton and pcr passenger 
necessary to mect that charge, 

The present charges by cart are also inserted. 











{ 


| | & | Tariff of Rates to cover Totat 
a = Annual Charge for journey- 
a pa | ing Srom Mettapoliiem to Coo- 
' 5 4 noor, ov reverse, 
— > | 
i By a Snniaiiaiaietemaiaaene taken 
| | 2 : Passengers. Goods. 
| 2 {| ¢ Bo Pana aoe 
a ; 2 fi eee Gee ae 
i oe a “ : ‘ o : . 
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~ Summary of conclustons.—It is believed that the ‘estimates which 
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have been made in this* Report of the present extent of the traffic on the 
ghat, and its rate of increase in the past and for the future, of the 
charges with which it is burdened, of the profits of the carriers, the rates 
at which the several systems of railway could afford to carry goods and 
passengers up the ghat with ample profit, as well as the cost of their 
construction and maintenance, aré based on evidence which can hardly be 
impeached, and which if anything tends to create a reasonable doubt as 
to whether in regard to traffic and returns, present and prospective, they 
are sufficiently large. 
To sum up, the following facts appear to be reasonably established :— 
I.—That the total charges on the present annual traffic between 
Mettapolliem and Coonoor amount to £44,000 at least. 
II.—That this traffic has been increasing during the past seven years 
at an average rate of 11 per cent. per annum, and that it has 
doubled itself within the last 10 years. 

J1].—That a railway could be constructed between Mettapolliem and 
Coonoor sufficient to accommodate the present and any in- 
creased traffic which is likely to exist for £260,000 on the 
Fell system, and for £187,000 on the Rigi system. 

IV.—That, in order to yield a return of 5 per cent. on the above 
capital outlay and pay all charges fur maintenance and working 
expenses in carrying the existing traffic, the Fell railways 
would require a return of £21,100 per annum only, and the 
Rigi railway £16,300 per annum. 

V.—That the resulting rates per ton and per passenger are such as 
to render impossible all competition with the railways by 
existing modes of transit. 


A. ve C. 8. 


Extracts from Report by Cart. J. L. L. Morant, R. E., Assoc. Inst. 
C.E. and FLR.G.S., District Engineer, Nilgiris, to the Under-Sec. to 
the Govt., P. W. Dept., Madras. 


The tract of country between Mettapolliem and Coonoor naturally di- 
vides itself into two distinct and very different parts. 
The first, the almost level piece between Mettapolliem and Kullar ; 


* Many of these have been cmitted in the Extract. 
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The second, the abrupt ascent or Ghat up to Coonoor. 

Kor the former a railway like that between Coimbatore and Mettapol- 
liem, which traverses a very similar country, seems obviously the best 
suited. 

But for the latter, must not a very different kind of railway be provided ? 
Would it not bea fatal error to place upon the first place a railway 
suited only for mountain traffic? Is not a mountain railway quite out,of 
place on an almost level plain? While, on the other hand, surely a railway 
just suited to the first level portion would not be able to do duty up the 
steep Coonoor ghat; for special engines and rails, unsuited to level lines, 
are considered always necessary for working lines over mountains, More- 
over the physical nature of the country indicates somewhere at the foot of 
the ghats as the point where the existing railway ought to terminate, 
and not at Mettapolliem. 

It will then be probably admitted that the present railway ought to be 
continued from Mettapolliem to Kullar. 

I speak under correction, but I believe the Railway Station at Metta- 
polliem is 100 feet in vertical height above the roadway of the present 
Bowani Bridge, and that the station is half-a-mile distant from the 
river. The fall of the natural ground is therefore something like 1 
in 27. By erecting a railway bridge over the Bowani, with its floor 
some 20 or 30 feet higher than that of the present bridge, a gradient of 
1 in 33 or of 1 in 37 for half a mile will be obtained. Should this de- 
scent be considered too steep, 1 may mention that on the Birmingham 
and Gloucester Railway there is an incline for a length of three miles of 
1 in 37, up which trains ascend at the rate of 28 miles per hour, and 
another at Oldham, near Manchester, three-quarters of a mile long, of 1 
in 27, both constructed many years ago, besides many others of short 
lengths, all of which are worked by the ordinary traffic engines of the 
lines on which they occur. Except the bridge over the Bowani, and the 
lesser one over the Kullar river, this almost level portion, six miles long, 
presents, I believe, no difficulties whatever to the construction of a railway. 

Kullar being now considered a deadly locality at night, no residences 
for the railway employés, nor buildings of a permanent nature would now 
be required there. A small engine could easily convey such railway 
officials as would have to reside at Mettapolliem from thence to Kullar 
every morning and back again in the evening. 
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Tke cost of this portion would probably be as follows :— 


Six miles, at 80,000 rupees per mile ees .. Rs. 4,80,000 
Bridge at Mettapolliemt sea eve ses wee ogy 200,000 
Bridge at Kullar ae see ee wee oe = —.g9, «=S 40,000 


Rupees, 7,20,000 
Or say, Eight Lakhs of Rupees. 

No additional rolling stock would be required. 

Is the suggestion worth consideration that the Madras Railway Com- 
pany be called upon to complete this portion themselves, on condition that 
Government undertake the Ghat Railway? The additional traffic, which 
a lineup to Coonvor would naturally bring to the whole of their branch 
from Pothanoor to Kullar, would probably be held by the Company to be 
worth this additional outlay. 

With regard to the ascent up to Coonoor it seems desirable, in the 
first place, to cast aside the idea of utilizing either of the present roads. 

The new ghat is 16 miles long. Jt has 12 zig-zags. many of which 
terminate in precipices of rock or at the edge of large ravines or streams. 
Its gradient is 1 in 18}. It possesses 32 timber bridges, of spans 
varying from 12 up to 70 feet, none of which could] beara railway. It 
has numerous very sharp curves, occurring mostly at precipitously rocky 
parts, all of which would have to be made casier for a railway. And it 
is only 18 feet wide, except in a few precipitously rocky parts, where it is 
merely 12 or 15 feet wide.* This width would be insufficient for a 
railway and road together. The carriage road over Mont Cenis, on 
which Fell’s Railway was first tried, was 32 feet wide, of which the rail- 
way occupied the 12 or 15 outer feet, and there was besides a fence between 
the rail and roadway.t Many parts of the outer edge of the existing 
ghat road, both in the shape of stone walls and earthwork, would not 
bear a railway. If the whole of the new ghat be given up toa railway, 
what road, other than the almost impracticable old ghat, are persons to 
use during its construction, or when needing repair? Moreover, the first 


® The beat line for this ghat would have started from the foot of the Kotergherry ghat, which 
is only two miles distant from Mettapolliem. Thence it could have risen, without lengthening the 
whole distance between Mettapolliem and Coonoor, at a gradient of about 1 in 22, by the St. Cather- 
ine’s Falls Valley, and at the foot of Lambs-Rock.up to othe Ooonoor Bridge, where it now ends. This 
line would not have involved more than three zig-zaga, and might possibly have been accomplished 
with only one. It was advocated hy Major Law, I believe, when tracing the present line. 

¢ Civil Engineer and Architect's Journal, Vol. XXVIII (1885), page 234, 
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two miles at the tup of the ghat would need to be kept permanently 
open for carts, as these are Coonoor’s only access with the important sub- 
districts of Kartairy and Colacumbay. The next three miles run alongside 
of large coffee estates, and are used for carting manure. There are also 
other parts, especially about the middle of the ghat, which accommodate 
quite a local traffic. ‘To attempt to draw this small local traffic, moving 
very short distances, into a railway running along the road, would create 
inconvenience, and necessitate numercus petty stations, and consequent 
expense in providing for it, quite disproportionate to its quantity and value, 

The old ghat, which has been very unscientifically lined out, is 9 miles 
long and possesses various gradients, from nearly dead level up to 1 in 6, 
in some parts its gradients running the reverse way. It cuts across the 
new ghat nine times, and has a great many very sharp curves. Most of 
its drains are of a very poor description of jungle wood, and some of its 
streams are unbridged. 

Neither of these roads seem therefore at all suited for a railway. 
Hence it will be perhaps admitted that a railway of any description would 
of necessity require an entirely new road-way to be made for itself. 

With regard to the description of railway suited to the case, four kinds 
may be brought to notice, upon each of which it will be necessary to make 
some remarks. 

I, Railways worked up steep inclines in the usual way by the 
adhesion of smooth wheels on smooth rails. 
II. Narrow gauge lines, on gradients seldom exceeding 1 in 50. 
III. Steep inclines worked by stationary engines. 
IV. Centre-rail railways with locomotives for working on very 
steep inclines. 

I. Railways worked up steep inclines in the usual way by the adhe- 
ston of smooth wheels on smooth rails.—These are worked on grades very 
seldom exceeding 1 in 25. On such grades they travel at the slow 
speed of about eight miles per hour. The engines have to be of a special 
kind, very powerful and heavy. The rails must also be weighty. The 
wear on the permanent way and consequent cost of up-keep are great. 
And there is no special security against derailment. Railways of this 
description have been laid in various parts of the world, but those of the 
steepest grades have been almost entirely confined to the United States. 

So long ago as 1851, a line worked by locomotives was laid over the 
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Alleghany Mountains. It had an inclination of 1 in 454 for 11 con- 
tinuous miles, and, after winding amongst the summits of the mountains 
for 20 miles, it descended on the western side with an inclination of 1 in 
454 for 9 continuous miles. The passenger trains travelled at a speed of 
15 or 20 miles per hour, and the goods trains at a speed of 10 or 15 miles 
per hour. The curves were frequently sharp.* Such a line laid on the 
Coonoor ghat would be nearly 40 miles long, and could not be ascended 
under 3 hours and 20 minutes. 

Other lines, with gradients of 1 in 174, and with curves of 800 feet 
radius, have also been laid, but their Engineers advocate them only for 
temporary use while the construction of tunnels underneath or more per- 
manent works are in progress, | 

As is well known the Americans run great risks with locomotives worked 
on steep inclines, and it has not seldom happened, when the rails have 
been greasy, that the engine and train have slid backwards with locked 
wheels from the top to the bottom of the incline. 

To show how the inconveniences of continuous steep gradients are felt, 
it may be mentioned that on a long incline of 1 in 26, near Liege, a per- 
fect system of stationary engines had been in use for many years. The 
Belgian Government, feeling the inconvenience of that system, had aban- 
doned it, and substituted the locomotive, but such was the uncertainty of 
the power in meeting the difficulties of the incline that the stationary en- 
gines were again resorted to.t 

And these steep inclines are attended with a heavy cost for working 
expenses, amounting in some cases where the traffic was mainly dragged 
upwards to 12 pence per ton per mile, which ean only be considered 
justifiable on a long line of generally easy grades heavily worked. To 
give an instance: the returns of the Semmering incline, in Austria, which 
cost nearly £100,000 per mile, show that the working expenses exceed 
the receipts, so great is the cost of working over 22 miles with gradients 
of 1 in 40 and 1 in 45, and with curves of 10 chains radius.~{ And a 
further illustration is afforded from the returns published by the German 
Government, where it will be found that on an incline of 1 in 38 at 
Aachen Ronheide, on the Rhenish Railway, 63 per cent. of the rails had 


* Proceedings of Institute of Civil Engineers, 28rd November, 1858. 


+ Proceedings of Inetitute of Civil Engineers, 23rd November, 1658. 
¢ Mr. Vignoles at Institution of Otvll Engineers on the #th November, 1962. 
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to be renewed in 5 years; and.on the Western State Railway of Saxony, 
on gradients of 1 in 40 up to 1 in 100, the former predominating, 58 per 
cent. of rails with steel tops had to be renewed in 7 years, 50 trains 
passing daily over the line ; whereas on many other German lines, whose 
gradients do not exceed 1 in 100, 2 per cent. only of the rails have had 
to be renewed in five years.* The life of the rails on the Bhore Ghat 
Great Indian Peninsula is only 4 years. , 

It will not, I trust, be considered here out of place to briefly illustrate 
the influence which curves exercise on the paying load. It has been found 
that at a speed of 45 miles per hour, the traction resistance on a line 
having curves under one mile radius, at the ratio of one curve to 22 
‘miles, was greater by 20 per cent. than on a practically straight line; and 
on the South Devon line in England, the engines took seven loaded 
wagons up an incline of 1 in 41 on straight portions, but on coming to 
ourves of 15 chains radius one of the wagons had to be removed.t 

From experiments made by the General Superintendent of the New 
York and Erie Railroad in 1865 on an engine weighing nearly 80 tons 
with about 18 tons on the pair of driving wheels of 5 feet in diameter, 
the resistance of curves was found to be 4 th. per ton per degree of cury- 
ature per 100 feet.{ 

It may also be as well to point out a well known fact, often lost sight 
of, that the steepness of the grade exercises a very appreciable influence 
on the consumption of fuel and steam, an important matter in India, 
where fuel is dear and water at times scarce. This is roughly illustrated 
in the following Table, by disregarding friction and by supposing that only 








Adhesion weight in 
Tali, | Beiwancety be | Adhesion valet | “traction of ero 
1 in 50 2 tons 10 tons | * 
1 in 40 23 tons i234 tons 
1 in 20 5 tons 25 tons 4 
1 in 10 10 tens 50 tons 4 








gravity has to be overcome, that an adhesion of one-fifth can at all times 
be secured, and that the gross weight of the engine and train is 100 tons. 
es | | . : i ; ms 
*  Bnginsering,”” Vol XIL,, 1871, pages 9€1 and 47. | 
of Tnatitute of Civil Engineers of 30th November, 1838. 
4 Propesdings, of Tnatitate Civil Rugineers, Vel, XXVITI. (1668), page 269, a 
 VOLs I¥.—SEO0ND SERIES, : 2M 


| 364 MOUNTAIN RAILWAY FOR THE. MILGIRI HILLS: 


fhe above, ef course, is an extreme illustration, but it helps. the i more : 
: sists to show that the adhesion weight available. being. simply that of 
_ the locomotive, the percentage of paying load which.it is possible to take 
up diminishes, very rapidly as the steepness of the gradient increases. 
While in another direction it will be found that in order that the boilers 
of a mountain railway locomotive engine may be of moderate dimensions, 
it is essential that a very slow speed be maintained ; because the: amount 
of adhesion which any given locomotive boiler-power i in capable’ of using 
up depends entirely upon the speed at which the engine ‘travels:. For 
example: if, by the evaporation of a given quantity of water per’ “anitiof 
time, when travelling at a speed of 10 miles per hour; an adhesion’ ‘weight 
of 30 tons can be utilized, then, if the speed be reduced to twe aniles ‘por 
hour, it will be possible, with the same expenditure of steam, to use: Op 
ah adhesion of 150 tons, or five times the former amount. - 
Moreover, an engine, when on a severe incline, changes its position 40 
much as to alter materially its running condition. Attempts to provide 
for this point have been made in many mountain engines, by building them 
expressly for working inclines, but the matter isin an incipient stage. It 
will doubtless not escape notice how beautifully the Rigi engine meets this 
difficulty. The Fairlie Engines also have sloping boiler tubes.* | 
It is, perhaps, here necessary, in concluding this portion of my 
letter, to observe that the above remarks, trite as some of them may 
appear, are made solely with reference to the Coonoor ghat. The 
traffic on this ghat will not probably for some yeara be nearly se large 
ns that, for example, on the Western Ghats of India near Bombay. 
‘ Bat some have thought that a railway might be placed on the Ceonoor 
ghat, of a similar kind, only with a steeper grade, and therefore of 
shorter length, and hence accommodating a much emaller but still suffi- 
cient traffic. In that case the points above illustrated will have to be 
carefally considered. Most eminent Engineers of the present day, a0. 
far'as the matter bas at present been develuped and where large traffic 
has to be carried, prefer to trust to the adhesion of a smooth wheel.on 
“gw emooth rail-rather than resort to any more complicated expedient. 
“But they prefer this obviously with gradients and curves involying- on, 
the Qoonoor ghat an outlay which the traffic would not justify, 
“aE Narrow gauge lines on gradients seldom seaming lin 50—The ” 


ae see Bogineciog, Vol, XVHT. (1m, pags 1, aud ian aonb wet 
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term narrow-gauge is intended here to apply to those lines with a gauge 
Jess than the English standard of 4’ 83”. Of these I have tabulated in 
the Appendix (No. IT.) three, merely as types. There are of course many 
others in different parts of the world. 
_ The Soudan Railway is the first proposed to be constructed in that 
part of Egypt, so that it involves no break of gauge. It has jast been 
commenced. 3 
The Norway narrow gauge lines are numerous, and exist with those 
of a broader gauge (4’ 84”). In 1871 the number of miles of the 
narrew were nearly double those of the broadcr gauge lines. But in 
1872 « line of 82} English miles in length of a gauge of 3' 6” between 
Obristiqna and the Port of Drammen was oponed. There were upon it 
some sharp gradients and curves, which required adequate engine power. 
It was soon found that the engines aud rolling stock were insufficient. 
Tho weight drawn by each engine (its own weight not included) was only 
83 tons, as compared with 80 tons drawn by the engines on the 4’ 84” 
gauge lines, It was therefore enacted in the Norway Parliament that for 
the future the State railways should only be made on the standard gauge 
of 4' 84”; and on that gauge the new State line, 126 English miles long, 
vid Federikhald to the Swedish frontier is being constructed.t 
In the sister kingdom of Sweden the standard gauge (4’ 84”) is the 
favorite. About five years ago a discussion took place respecting the 
continuation of the gauge of 4' 84’, owing to the lines on that gauge 
being considered too expensive. The Swedish Government at length de- 
cided to continue the standard gauge, and some of the narrow gauge lines 
were subsequently changed to the standard gange, and lines which 
had been proposed on a 3’ 6” were being executed on a 4’ 84” gauge. 
The Swedish engineers now state that they see 1.0 reason to regret this 
decision. The Austrian State engineers, with the facts and opinions of 
the Swedish engineers before them, have also adopted the same views. 
There weve in Sweden, in 1873, 2,400 miles of railway open and in con- 
struction. Of these 83 per cent. were standard gauge lines, and 17 per 
eent. narrow gange. Of the latter 5 per cent. were unconnected and in- 
dependent lines, and 12 per cent. were joined with the main system. 
Those latter amounted in length to 258 miles, divided into 8 branches ; but 


» © Por e gencral dosdtiption of this Railway, see ‘ Hngineering,” Vol, XV,, 1873. 
4 Mr, Bidder at Phattoute of Civil Bngineers, Vol. XEXV., page 247. 
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of these only 82 miles had been ikea constructed, svalving only oné break 7 


of gauge in all Sweden, the inconvenience caused by which, after having 


been felt for oer 708 had led to no more breaks of gauge baad: . : 


lowed. * 


. The Festiniog Railway i in Wales is, I believe, the only instance of on 
"important narrow gauge line conveying passenger traffic in the whole of 
England. Its gauge is only 1’ 114”. Some particulars regarding it will | 


be found in Appendix No. II. It is an independent line, quite unconnect- 


ed in one direction with any other. It was constructed under special and = 


peculiar circumstances. The main traffic of the line is in slates, and the” | 


trucks have to be taken right up to where the slate is quarried, and 


where no large wagons can go. The slate is thus unavoidably let down 7 
_ steeply inclined planes in narrow wagons, and, if the gauge of the main | 


line had been broad, must have been reloaded into broad gauge wagons. 


On reaching Port Madoc, the end of the line, the slates have to be trans- 


ferred from the wagons to the ships alongside the quays. This very 
narrow gauge Festinoig line is therefore the best for conveying slates to 


the port of shipment, and is thus well adapted to the circumstances of . 


the case. In another direction this narrow gauge line meets the Cambrian 


Railways. It carries slates, minerals, and general goods. At the janc- 


tion the slates are shifted by hand, the minerals are tipped from the narrow 


“49 the broad truck, and the general goods are lifted from one truck to the 
other by means of cranes. By far the larger portion of the traffic. is in 
‘one direction. 

Ya very narrow gauge railways the rails are subjected to greater strains 
by the oscillation of the rolling stock; because the narrower the gauge 


the greater the angle through which the vehicles are canted laterally, 


‘owing to any accidental elevation or depression of one of the rails; and 


‘thus the inequality produced in the loads, on the springs, and on the rails — 
on either side, is much more felt, For these reasons the greatest possible - 
eave has been taken with the permanent way of the Festiniog line, and the. 


4 t 


rails aro jointed with very stiff fish-plates of a peculiar kind. Very 


“great attention has also been paid to the rails laid on the curves; and.the 
“Hae is always carefully kept in first-class order. qt. will eae be : 


iss a: Priviobagh of tontdanin of Cleft Boginoecs, Yot. SEXY, pages 887 eal. 200, Oo 


1 Narrow Gauge Rellways, by C. BE. Spootier, and Prooeedings of Tatas of Civ Baginent, ith 


"ly 1965-5 an adao “ Civil Engineer and Architect's Journal,” Vol. XXIX, (1966), pages 30}.ai4 19, % 
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| admitted that a permanent way of such perfection in ‘unattainable i in 
India: : 

» Batty: sedependend of the inherent objections to which narrow, gange 
lines are open, it is necessary to consider, in the case of the Ooonoor 
_ghat, the evils attendant on a break of gauge, if any line be made up 
‘to Coonoor and Ootacamond of a narrower gauge than that which now 
terminates at Mettapolliem. I trust the gravity of the subject will aoe 
sidered a sufficient excuse for my enlarging upon it. 

» The lete Lord Dalhousie, in 1850, thus addressed the Court of Di- | 
rectors: z=“ The British Legislature fell unconsciously, and perhaps una- 
voidably, into the mischievous error of permitting the introduction of 
two gauges into the United Kingdom. The numerous and grievous 
evils which arose from that permission are well known, and will long be 
felt throughout all England. The Government of India has it in its 
power, and no doubt will carefully provide, that however widely the rail- 
way system may be extended in this empire, in the time to come, these 
great evils shall be averted, and that uniformity of gauge shall be rigidly 
enforced from the first.” 

_ Sir John Hawkshaw, and other eminent English engineers, have often 
said, that “the evils of break of gauge have all over the world proved to 
be too serious to be borne.” And it is not unreasonable to suppose that 
these evile will be much more felt in India than in England, on account 
of the. comparative inefficiency of the Natives at the stations, and the 
pilfering and bribery which so commonly goes on. 

. Itis well known that in England, Brunel’s Great: Western broad gauge 
{7’) has almost entirely disappeared. One of the last places where it 
broke with the standard gauge was at Gloucester. Here the transfer of 
‘the traffic was so great an evil that the South Wales and Midland Rail- 
‘gays arranged for. allowing 20 miles of mileage to compensate for that 
‘break; and Mr. Molesworth, the Consulting Engineer for Indian State 
Bailwaysj considered it equivalent to more than 20 miles.* The damage 
to ‘salt by this break of gauge was valued at one shilling per ton, where 
the value of the salt was 80 shillings per ton.| And in all casos the delay 
caused by. the break of gauge was never less than one. day, and | Ley fre- | 
amen, PF was two days. 


«rst Tat fh ata Vol. XEXV, pe Sit and 8 
a page ats, | 
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In the colony of Victoria a proposed line tonched existing railways at 
_ three points, where if a break of gauge was involved, the Traffic Manager 

estimated the cost of transferiiag traffic at £8,900 per annum.* 

Fell’s Mont Cenis line (which will be entered into more fully hereafter) 
between the French system of railways at St. Michel and the Italian 
system at Susa, is another instance of the evil of break of gange, It 
was constructed on a narrower gauge than that of the two railways which 
it connected. The traffic was chiefly in passengers, and to them the in- 
- eonvenience experienced was most serious; but to the development of the 
goods traffic it was much more detrimental. Each ton of goods cost eight 
- pence in transhipment, and a day’s delay, the station arrangements being 
very expensive and complicated ¢ “In fact,” says M. Brunlees, ‘‘if there 
had been a great amount of goods to deal with, or had an army with its 
baggage, commissariat, ammunition, &c., made its appearance, there 
would have been inextricable confusion.” 

Even in India examples are not wanting of the evils of break of 
gauge. The Indian Branch Railway Company made two branches to the 
main line of the East Indian Railway, one from Nulhattie to Moorsheda- 
bad, and the other from Cawnpore to Lucknow. The former was made 
on a good existing road on a narrow gauge, but the traffic on the line dip 
not answer the expectations of its projectors. The latter was on the 
atandard Indian gauge, and returned a good dividend. I have been 
_ favored with the following remarks on this subject by one of the leading 
Madras merchants, who also possesses land on these Hills: “The line 
I alladed to yesterday is the little railway that runs between Arconum 
and Conjeveram. It is a trumpery business, constructed principally for 
patsonger traffic; but it would I believe have had a fair share of pro- 
duce had it been practicable for the carriages to run through to Madras. 
I believe it has never paid even working expenses. I think I heard 
that Government had ordered this railway to be altered to the Indian 
gauge, as it is proposed to extend the line to Pondicherry ;,but I am 
not quite certain. My experience of the undesirablenese of a break of 
gauge is derived from many conversations I have had with Natives as 
to the reasons they do not more largely make use of the Conjeveram 
line for their produce. Their invariable reason was the breaking of 


pif 


© Proceedings of Institute of Civil Rngineers, page 373 
¢ Mr Brunjees at Institate of Civil Engineers, Vol, XAXV., page 307. 
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balk, They gyeferred, they said, to get bandies to come all the way to 

Madre rather than have bags of seed and dubbers of oil unpacked twice 
by the railway authorities, Of course, where engineering difficulties 
make a break of gauge of great consequence, my opinion would give 
way, but where practicable [ would most strongly advocate only one gauge. 
And I speak as a merchant, who entrusts his goods to the railway, and 
who has experienced how detrimental it is to Produce, breaking bulk. 
We had a long time of it when the P. and O. Steamers only went as far 
as Alexandria and Snez: now that the vessels go direct home we find a 
great difference in the condition of our cargo.” 

I believe the only reason ever advanced for adopting a narrow gauge is 
the beliof in its superior economy. But it has been clearly proved, in 
many instances, that the saving in first cost of construction between a 
narrow gauge line and one on the standard gauge is not large, and Mr. 
Molesworth has so reported to Government, in comparing the Indian 
standard (5’ 6”) with the metre (3’ 3”) gauge. Between a broad and nar- 
row gauge of the same capacity there need be no difference in the depth 
of the ballast, nor in the weight of the rails, nor in the scantling of the 
sleepers, not in the enginecring setting out of the line and preparation of 
plans and estimates. The only difference would be in the length of the 
sleepers, and in the widths of the cuttings, embankments, bridges and 
culverts, Mr Brunel’s Great Western Railway, with a gauge of 7 feet, 
cost only 2400 more per mile than the Great Northern, with a gauge of 
4’ 84”, although Mr. Brunel added four feet in width to all the works, in 
order to increase the future capabilities of the line.* In the colony of 
Victoria, plans and estimates were made for 220 miles of line on the two 
gauges of 5’ 8" and 3’ 6", and the difference came to £350 per mile.f 
Gauge has in fact very insignificant influence on the cost of a railway, 
the real criterion of expense being the carrying power.} 

It must also be pointed out that, though the data are not complete, 
there is primd facie evidence to show the probability of extra ax- 
pense a paar in working narrow gauge lines. In regard to fl, 


® Provesdings of Institute of Civil Engineers, Vol. XXXV., page 430. Tdfeat I. K. Bronal, by 
Isamberd Brunel, 1870, page 129. 4 

¢ Procesdings of Ineritute of Civil Bngioeers, Vol. FXXV., page 373, 

¢ Without advocating the narrow gauge, I must say that I think justice is hardly done to its oosty 
_ I have no groné faith in estimates, and believe that in estimating the narrow gauge cost, there fs an 
{osensible something, such for instance as the lightness of all the parts, and the care with which they 
ave handle’ whichaludes caloulation. The Government of India must now have before them snfiiciens 
facts $0 prove thie point,--J. H, W, 
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ro sonsamption, on the Festiniog line was stated by. My. Bpoine re 
| engineer of the line, and a great advocate for narrow gauge railways, to 
~ bhe.50 Ibs. per train mile, or double that of an ordinary passenger ‘engine’ 
on an English (4’ 84”) line, and 24 per cent, beyond that of the Madras. 
"Railway (5’6”). Mr, Molesworth reported to Government that the work. 
ing expenditure per train mile on the Festiniog was double that of the 
English, and three times as much as that of some of the Irish Railways, 
on which latter the rates of labor would probably more nearly = 
those of a remote district like Festiniog.* | 
. Moreover, on # narrow gauge railway, accommodating the dame tratfic 
- gg one on a broader gauge, the sidings would necessarily be longer, and 
conseguently both their first cost and maintenance greater. And the nare 
row gauge would obviously require more rolling stock, and more numer- 
ous trains, entailing increased wear and tear of moving parts, such as 
wheels, axles, boxes and springs. | _ 
_ be Indian standard broad gauge, of 5’ 6", which was so deliberately 
fixed by Lord Dalhousie for the whole of Indie, is more advantageous for 
articles of bulk, compared with their weight, such as tea and cinchona 
bark, because the width of the carriages must bear a fixed proportion to 
that of the rail gauge, otherwiee they become unsteady. 
.. In the particular case of the Coonoor ghat, we have the branch line 
' tom Pothanoor up to Mettapolliem already constructed on the same gauge 
as that of the main line between Madras.and Beypore. The length of this 
branch is 25 miles. Is it worth while now to break the gauge at Meita- 
polliem, and to bear all its attendant evils, for the sake of perhaps eaving 
& stm of 1} lakhs of rupees on the first construction of the remaining 23 
miles of the branch up to Ootacamund, while probably an increased cost 
“in fature years of maintaining and working the whole of this branch will | 
3 have to be borne ? of 
. Whatever be the kind of railway decided upon, the conclusion at whith 
I hope Government will arrive, will be to allow no break of gauge, but to - 
continue the Indian standard right on to Coonoor, and thence isa some” 
'fature date to Ootacamund, and perhaps to Nediwattum. © © 9. - 
COL, Steep Inclines worked by Stationary Engines-Examples are ara F 
wanting of inclines worked in the usual maauner, with large, drome, brakes, ‘ 
Procratings of Ingtvat of Ctrl aglones Vol. xaxV. 9 ven 460-and 403, ‘Naszow es 


iter 78 - 


| ‘wobweane RAILWAY FOR tHE ‘wiLarar ‘BILLA, Tt 
ae area are 
" wite oi ; 8 be stationary engines. “phere i is. a «1g one, 2 wih carver, ‘at 
. gradients, of in 12, on the San Paulo Railway i in Brazil,* and another 
2 very. steep, one ‘opposite Pesth in Hungary. On the railway now under 
*‘eonstruction over.the Andes acroas South America, to connect Buenos 
Ayres on the Atlantic with Valparaiso on the Pacific Ocean, one euch in- 
| cline, perfectly ‘straight, at an inclination of 1 in 8, is proposed for. a 
length of only. half-a-mile, to be worked with a single stationary engine.t 
This method is best suited for short lengths and straight lines. Here it 
works ‘economically. But it is considered utterly unsuited for general 
suse, ita. radical defect being that the disarrangement of any single length 
‘of it, by any ‘accident, stops the travel on the whole line. It may be com-. 
| pared to-a chain, the failure of any one link of which will render the 
whole useless, It possesses also the danger (more likely perhaps to occur 
in India, owing to the action of the climate on the rope) of the hauling 
wire-rope breaking. Rankine states the wear of wire ropes to be from 
67 Ps 100 per cent. per annum. Moreover, locomotives can do the work 
as. ‘well, and are more convenient. For these reasons, the system of 
working inclines by stationary engines and rope-traction has been quite | 
given up in England where passengers have to be conveyed, and is ¢on- 
‘fined almost entirely to the haulage of goods, minerals, and coals. The 
| late Mr. Berkeley—formerly Chief Engineer of the Great Indian Penin- * 
pular Railwey—first laid out on the Bhore ghat an incline to be worked 
‘by 2 stationary engine, but on the matter being referred to the late Mr. 
tobert Stephenson, he advised that this plan should if possible be avoided, 
even though its omission were attended with a considerable augmentation 
of the cost of the work.t 
| On a. tortuous and long line, such as the Coonoor ghat renders neces- 
| sary, other systems seem preferable. But the subject need not be further 
-ehlaeged. upon, ag I presume Government will not view it with favor, — 
AVS: Cgntre-rail Railways with locomotives for working on very steep. 
‘tnedined. 0, these, I believe, there are only two systems, the leading , 
"feature of both being the provision of a centre rail.in addition to. es ie we 


‘ordinary carrying rails. 


% Brogesdings of Tastitute of Civil Engineers, Vol, XXX., page 32, 
+z ft on the: Treimanding Railway, ly Robert Crawtord, O.F.. <n 
# Tha pbk it Hatt We Oapain Davidson, B. X, (1868), poge 2 273, 
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1. The Fell Centre-rail Railway. 
2. The Rigi Ladder-rail Railway. 
1. The Fell Centre-rail Railway.—This system consists of # pentre- 
rail raised nine inches above the two side carrying rails, The locomotive 
is provided with two pairs of horizontal gripping wheels, which are driven 
up against the centre-rail by a pair of pistoned cylinders worked by an 
engine quite independent of that which drives the vertical wheels. 
Adhesion is thus gained from the horizontal wheels almost equal to that 
obtained from the ordinary vertical wheels thus making the engine almost 
equal in effect to one of twice the weight. This system was patented many 
years ago, but was never carried into practice on any large scale until the 
year 1865, when it was laid on an excellent existing zig-zag carriage road 
over the Mont Cenis Pass of the Alps between St. Michel on the Franch 
and Susa on the Italian side. Flere it was worked fora few years in 
quite a temporary manner, while the cclebrated tunnel underneath it was 
in progress. Captain Tyler, R.E., of the Board of Trade, long connected 
with railways, was ordered by the English Government to be present at 
Mont Cenis to witness certain trials which were made with this system 
before the railway over the mountain was completed.* From his report 
the following facts are drawn. The trials were made on a piece 1} miles 
long, rising the whole way with a mean gradient of 1 in 18, with one 
sharp curve of two chains radius. The gauge was 8’ 7%’, and the rails 
weighed 75 lbs. per lineal yard. Several trips up and down this experi- 
mental line were made with two different engines. With one engine a 
gross load (exclusive of engine) of 14 tons was dragged up, at 84 wiles 
per hour, in weather very favorable to the rails. Captain Tyler report- 
‘ed, that “this engine labored under serious disadvantages, its machinery 
being too much crowded together for convenience in readjustment and 
repair; its boiler power being insufficient ; and the oil from its machinery 
falling upon the horizontal wheels deprived them to some extent of fheir 
power of adhesion.” The second engine worked better, and took op the 
same load as before, at 102 miles per hour. At the time when Captain 
Tyler reported, the projectore of the line proposed to provide for the car- 
Milage of 182 passengers and 88 tons of goods daily, by running three trains 
each way, as per following Table, the average gradient of the line being 1 
‘in 25°6, and the steepest 1 in 12. 


; * See“ Civil Engineer and Architect's Joungl, ” Vol. XX VIM, (1863), page 384, 
ie A 
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The temporary line over Mont Cenis was estimated to cost, exclusive 
of stations, &e., £6,720 per mile, but Captain Tyler states that the cost of 
é perménent and independent line, with a wider gauge and better curves, 
will be £20,000 per mile, the permanent way alone costing at least half as 
‘much agaix as that of a mountain railway without the centre-rail."On 
‘the completion of the Mont Cenis tunnel in 1871, the summit line was taken 
‘dp, and the experience gained during the five years in which it worked 
“showed that the defects in the system were so serious as to greatly dis- 
appoint the hopes which had-been held by many persons when it was first 
started. It consequently proved a financial failure. 7 
‘In 1878 it was again revived under more favorable circumstances over 
the Organ Mountains in Brazil, where it is reported to have dragged 15 
tons of cargo and 22 passengers up an incline, about 8 miles long, having 
gradients varying from 1 in 20 to 1 in 12, and curves of 140 feet radius, 
ata little over 6 miles per hour.* The permanent way is the same in 

sbustraction a8 ‘that which was laid over Mont Cenis. “The gauge is 3' 7,5,”. 
: Bat the engines have been improved.t Before the rolling stock was.ship- 
| Brazil, sim experiments were made with it at Malton in Yorkshire + 


ee Biiglateriag, ” * Vol. KVII. (1878), page 187, and Vol. XVIII., (1874), page 806. ss 
an 2 “ti “thee remarks on the Locomotives for the Cantagalto Line: —'* We consider that. 
: ‘Memes, ‘Manning, ‘Wardle and Co. have done the beat which is to be done for the centre rail system, . 
and although ‘they’ hiive produced a Wicomotive, which, from its compHoation, we can only aétiize. 
‘jae e-wpectinen'gf workmanship, yet we belisve that the complication to which we object: Stine Seen’ 
 wedraced to: ‘the least amount compatible with the system on which the engine is construgted,””. ‘and 
“Sepain; "THE engined weighs empty about 26 tons, or about 30 to 31.tong in: working: onder. ‘his ia 
‘whenyy load fe catty-on two paire.of wheels, partionlarly as from the very. short wheel bes, and 
7 ee a. pair of whoele is linble to be in-. 
creas 40.6 vary important extent when ranning. Indesd, when passing over.a.road in woedeniely 
go donde, “we ehould expect the lead on one of Bene ee : 
: tn ii besarte IGE, Cét), page at, geo hae : Hee! aes 
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Iemsy be briefly here stated, that the: experimenti took ors on 1 an fn alive 
half a mile long, with a gradient of 1 in 12, exceptin one short: part which. 
was lin 11. There was only one sharp double curve witha rading of 85° 
feet on the Pin 11 grade, The engine, working both horizontal and. bertical. ” 
wheels, took up, over the 1 in 12 part of the incline only, first a grows. load of. 
’ §24 tons, or (excluding engine) of 22,5, tons, or a paying load. of 184 tans, . 
st a speed of 10 or 12 miles per hour, A second time it took tp on the 
same ‘gradient a gross load of 734 tons, or a train load of 434 tons, ora. . 
“paying load of 27 tons, at a speed of 8 miles per hour. The engine was . 


thet worked only with the ordinary vertical driving wheels, and first took 


‘ : Ks 
Boe iy AOE ES syle 
rat ae F 
tithe, gory 

tae é al aos 

. or eae 

: ee 1 e 

a ‘ 


~ , 


up over the whole half mile, on the gradients of 1 in 12 and of I in 14, © 


_ ‘and over the sharp double curve, a gross load of 42 tons, or a train load 


.. of 12 tons, or a paying load of 7} tons. A second time, the boiler pres- 


gure being increased, it took up, over the 1 in 12 gradient only,.a gross 


load of 524 tons, or a train load of 224 tons, or a paying load of 13} tons, 
gand being applied to the bearing rails to increase adhesion. The engine 
was then worked with the horizontal gripping wheels only, and, after being | 
started with the vertical driving wheels, carried up a gross load of 522 
tons, or a train load of 22} tons, or a paying load of 13} tons. But al- 
though the weather was very favorable, owing to the centre-rail being 
__ from oil droppings from the machinery, the horizontal gripping-. 
wheels slipped from time to time, notwithstanding that their pressure on 
the eentre rail was estimated at 40 tons. They had therefore to be assiet-. 


ed occasionally with the vertical driving wheels. This cracial test brought 
out the weak points in the system. A comparison of Oaptain Tyler's 


Report made in 1865, and of the description of the trials at Malton i in 1872, 7 
- show that the inherent defects in the system exhibited themselves: on 
both oocasons, and have not as yet been overcome. These defects are, com- 
“plicated machinery, insufficient boiler power, oil droppings.from horizontal 





* grhiecls falling on centre-rail and thus depriving both of mueh of their 
- sdhesion, and the great amount of friction involved in the imid-rail ma- 
_ Ghinery, producing great wear and’tear of. working parts; and: thus’ in the 
_ Sptactioal daily working of the system making it coatly and unraliaiin? 
od have quite recently: received a. letter.from a Londen, 00 
re sho has at my. request | been see reaking. snaruicieg me. te sein wl 








i See + Racioaing", Yoo XI. am, mee. 
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aa mars! te “The Fell system does not pay. . Tt Aces ‘Nae than the . 
. Rigi, ‘but involves great wear and tear of working parts.” 9. 
| Mr Mitchell also aks this pertinent question: On ordinary railways, 
howaree wall constructed, there are iregularities in the surface of the rails 
which create: oseillation in the trains. Inthe Fell system it appears that 
the: opntre rail: must be inflexible, the horizontal wheel biting in proportion 
to the steepness of the grade. Did the oscillations of the train caused. by 
the irregularities of the side rails not tend to disturb the rigidity which 
| was necessary for the proper working of the centre rail ?* es 
And Mr. Lloyd: remarks that there was one thing in M, Fell’s engine, : 
admirable as it was, which struck him would cause difficulty in practical 
operation ons railway abroad—that was the extrems intricacy of the 
machinery. Simplicity was an essential element in all things connected 
‘with a railway in countries distant from the great centres of industry.t 
«It is now necessary to consider the cost of the Fell system if placed on 
the Coonoor ghat between Coonoor and Kullar. Here it will be. some 
12 miles long, with an uniform gradient of 1 in 12, will possess one zig- 
‘gag, and will cost, at Captain Tyler’s estimate, with an addition of one- 
third for freight of rails, &c., £26,666 per mile. Hence the 12 miles will | 
‘cost £319,992, or nearly 32 lakhs of rupees, without including the cost of 
; railway stations and rolling stock. 
2. Lhe Rigi Ladder-rail Railway.t—The Rigi is an isolated mountain 
in Switzerland near Lucerne. Its summit is about 4,500 feet above the 
Lake... A few years ago its average number of visitors totalled 40,000 
annually. It used to be ascended by a zig-zag bridle road, and the ascent 
‘took 8 or 8} hours. A railway to improve this communication was de- 
_ signed by.M. Riggenbach. The line is 84 miles long, and the maxi-. 
mnum gradient, which extends over one-third of the whole length, is. 1 in 
A, the. other gradients varying between that grade and.1 in 6, except in 
: some few places, where tbe line is purposely made almost flat. The curyes. . 
“have. a. radius of. 84 chains. The line is formed almost entirely by bench-. 
“ing onthe sloping side of the rock, with occasional revetment wally on 
e the putelde,. The line consists of a very stiff and strong centre wrought: ; 
i tack-rail, formed like a ladder, in addition to the two sane | is | 


Ree . Prooeadingt of: Instlinte of Civ Boginesrs, Vol. XXVIIZ..(1868), pnae 59; 
ae a" ‘Tes RAVI, (4866),—page 249. ae 
Lt _¢ For w dencilption of she Lie na Stam, Ail No, CRXVEL ot Ped Papers | 
“) Endian nglabering,” (ind Heriés), : oe | 
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tails. The porniadent way is. _constreigted swith grent care: i. a abi ’ ; my 
“being secured from any possible slipping of the: wooden’ foning: by’ , 
waasonry foundations built into the formation below at ‘initervalsof =; 





‘feet. The locomotive has naturally many ‘specialities of design. 


- boiler has been made vertical, with vertical tubes, and covered with ‘* ‘data : 
from the centre of which rises the chimney. The axis of the: boiler is’ 


not placed perpendicularly to the base line of the. éngitie, but is’ faclined ” 


to the perpendicular at an angle of about 13°. The effect of. this ‘is to! | 


cause the boiler to be upright or nearly so when running’ on thé fine’ 
Ons ‘consequence of this arrangement is, that the locomotive niust not te * 


~~ L 


; turned, but must always have the same end highest, whether runding~ up | 


or down, The two side-bearing wheels are not keyed on to the.axls, bat:. 
run loose like ordinary road carriage-wheels. The centre driving cogged. - 
wheel, which is most carefully cut out of cast steel, is keyed firmly on to the ° 
middie ofthe axle, Thus the engine shaft drives, by means of spur wheels, | 


the main axle, and the cogged wheel thereto attached, taking fast hold:on 


the teeth of the fixed rack, forces the whole machine to mount the incline.. 


Various precautions are adopted to secure safety. First, If a‘hard 


substance should by chance get between the teeth of the rack, the action, 
_ of the driving pinion upon it would have a tendency to lift up' the enging;, 


when a slipping-off sideways might possibly fullow. To meet this. Miabi- 


ity, at each end of the locomotive are firmly fixed 8 pair of strong angular 
_ jaws, which loosely embrace the upper flanches of each side of the ‘centre. 

‘yatk-rail, and, in the event of the wheels being lifted off the rails, the 
"” jaws or hooks catch against the flanches, and hold the vehicle in its place, 

. Seéond, To guard against the danger of the train running down the incline. 
¢ by its own gravity, the engine is provided with no legs than three indepeti-’ 
dunt means of checking end governing its motion. i, An axle-brake: q 
which, when put.in action, holds the driving cog-wheel firmly and’ pre- 
-“yettie its. turning andso engaging in the rack. ii, A similar axlesbrake 
- qhich atte on the two side bearing wheels. iii, A peciiliar: mode ‘of. work 
| ing, aed e engine by — ie air when, soning. ¢ down ill 





, irs rad shes cs fast, touch: nightly the cock handle, whisk on 
“ fb6' mae of: the atmospheric air, ‘end .ins anil y hes peed’ wax 
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e vas ote 
d ’ ae : 


RON: paasenE: , carriage ig se farnished with 8  peonliar sogicnndal broke Cs 
Giniler to tha one attached to the engine) which, when worked, becomes — 
fet deat 3 m the: centre rack-rail and stops the carrisge. The carriages are. 
“Rob attached to the. engine, so that, in case the latter should get out of © 
-eontrol: and. ran ‘away, no harm would result to the carriages. In as- 
: cending, the carriages are pushed up, and in descending, they follow the 
engine by. their own weight down the incline. = 

The ‘Rigi railway has now been opened for four years, and has been 
found to work well, no accident or interrnption having occurred in its 
service.’ A description of this railway (from which the above has been — 
condensed) was read before the Institution of Civil Engineers in England 
by. Dr. Pole, F.B.8.,in April 1873 ;* and in the subsequent discussion Sir 
‘Joba Hawkshaw considered, that ‘‘ many of its details were ingenious and 
“hovel, and that the railway displayed much constructive cleverness.” 
“And Mr, Thornycroft held it “to be a bold scheme well carried out,” 
I have also received some letters on this subject from a gentleman now 
-in London, who resided for some years at Coonoor, and is well acquainted 
with the Coonoor ghat, and who has also seen the Rigi railway several 
times. .He says, Dr. Pole told him he considered the Rigi principle by 
far the best yet introduced for steep gradients, and“he was much struck 
with the wonderful combinations for safety they had hit upon in the mak- 
ing of the line, He adds, “I was at Vienna last month, and went up 
“the. Kahlenburgh, a very high hill in the neighbourhood, from which you 
have a splendid bird’s-eye view of Vienna. This hill (4,000 or 5,000 feet 
high) is ascended both by a wire-rope rail,* and by a rail on the Rigi 
| principle. I went up. by the former and down by the latter, and quite — 
‘agres: ‘with Dr. Pole that ropes are not things to trust passengers to, — 
even. though they are double, and that the rack-rail is by far the best and 
safest, for steep gradients. The grades on the Kablenburgh line are from | 
“Pin. 9 to 1 in 15.”. Imay add that since the Rigi railway was made; ss 
| the aging’ ayetem has been extended to other parts of Switzerland, and. has: 
aleo been. introduced into Germany, Aastria and Italy. And. I take fronts . : 
ft The Architect al of 60 recent.a date as the 21st of last November, : the 
following: ig paragtaph +.“ A railway is projected ‘tobe constructed: along” the ce 
“pide, of Snowdon om the. plan of the Rigi line in Switeorland..: ‘meget 
“SMa rponedings ot Tnskibute of Otvil Bugineers, Vol. XXxVi, mash et | 

9 See Gaginearing, Vol. KVIL (187), page to. : 
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have been issued of a bill to be bronght before Parliament next session for 
that purpose. The line will commonce near Llanberis railway station, and 
terminate at the well-known spring about ‘00 yards from the summit,” 

With the above information before them, I trust Government will be 
pleased to admit that the principle of the centre ladder-rail railway, as ap- 
plied on the Rigi mountain, has proved and been accepted as successful, and 
has after an experience of five years, developed no objectionable features. 

Tt will now be necessary to apply the Rigi principle to the Coonoor ghat. 
The Coonoor bridge is about 1,500 yards in vertical height above Kullar. 
If the Rigi railway ascended the ghat at an uniform gradient of 1 in 7, 
the length of the line would be just six miles. The position of the Coonoor 
bridge with reference to Kullar is such that this line could not probably 
be laid between these two fixed points at any much steeper grade than 1 
in 7. But it will be safer here to assume that it will rise at an uniform 
gradient of 1 in 8 and be7 miles long. This circumstance, while increas- 
ing the length and consequent cost of the whole line, gives some very 
important compensating advantages. Ata gradient of 1 in 7, the Rigi 
travels at 6 miles an hour, and carrics more than twice the paying load 
which it pushes up on a grade of 1 in 4, on which it travels at only 
four miles an hour. 

The Switzerland single line cost at first, all told, including stations, 
rolling-stock, sidings, &c., £15,152 per mile. The Coonoor ghat is not 
so steep as the Rigi-mountain, but, in order to cover freight to India and 
other additional cxpenses, it will be safer to assume that on the Coonoor 
ghat the Rigi line will cost 33 per cent. more, or £20,203 (Rs. 2,02,030) 
per mile. The Rigi however is on a gauge of 4’ 84”, while, in order to 
avoid breaking gauge with the existing line, which I propose should be 
extended to Kullar, it must be put on the Coonoor ghat with a gauge of 
5' 6". This will increase the cost of a portion of the permanent way, 
and involve slight alterations in the rolling stock, which i any case would 
not be the same as that on the Rigi, for the conditions of traffic on the 
-Coonoor ghat are somewhat different. For the additional cost in perma- 
“ment way, rendered necessary by widening the gauge, £1,000 per mile may 
be allowed. For the change in the rolling stock, to suit a wider gauge 
and altered conditions of traffic, £500 per mile will suffice, And £800 
per mile will cover the cost of additional sidings and of anything else that: 
may be needed. Hence is obtained the mileage rate of Rs, 2,25,080, 
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which gives for the seven miles of the ghat railway a total of Rs. 15,75,210, 
or sixteen lakhs of rupees. 
The mileage cost of this railway may be arrived at in another way. 


Cost per mile in English sovereigns, & 


bond 


-I, Railroad. Benching hill-side to form for rails a way 26 feet wide, 
for double line, including bridges and portion of ballast, will at “ 

2) times the cost of the new Coonoor ghat road come to— «. 6,000 
2. Permanent Way. This M. Riggenbach states costs £4,400 per mile. 
One half of this will meet the cost of the 3 rails delivered at 
Metiapolliem, at £17 per ton, the rest sufficing for sleepers and 
portion of ballast. But it will be safer to add 50 per cent. to M. 
Riggenbach’s figures, to cover additional cost of wide gauge and 

freight, &c. The permanent way will thus cost— 4. = wes 6,600 
3, Rolling Stock. 7 Engines at £1,800 each, oes eos 12,600 
21 Passenger Carriages, of three classes, at £320 each, .. 6,720 
7 Goods Wagons, at £203 each, ... eae coo =—_ oe 2,400 


£20,720 
Add &0 per cent. for wider gauge, freight, &c., ...  ...10,860 





7)£381,080* 
Thus the share of one mile for Rolling-stock will be ... sx. 4,44 


4. Stations. 2 large, at £3,000 each, ... ose ees eee 6,000 
2 small, at £2,000 cach, ... eee one ove 4,000 


7)£10,000 


Thus share of one mile for Stations will be, see Sse so» 1,480 
5. Sidings. Share for one mile, ons eae see coe aes 2,000 
6. Contingencies, at 12 per cent., cee este tte wae BIT 


Therefore total cost per mile on Coonoor ghat, ... .. Rs, £22,367 

The cost for seven miles will thus be Rs., 15,68,000, or as before, 
under 16 lakhs. Hence it may be safely assumed that the cost of a 
single line of the Rigi railway placed on the Coonoor ghat, with a 
way wide enough throughout for a double line of rails, and with all 
additions required for starting the line, will not cost more than sixteen 
lakbs of rupees. a dia 
I have not taken into consideration the compensation which may have, 


* Tf the Madras Railway have wagons with brakes to both pair of wheels, could not these be - 
worked over the incline, thus saving all transhipment ? The engines will cost more than’ esti- 
mated, and the carriages too, I think. Third class carriages on B. B. and ©. 1. recently constract- 
ed, 25’ 8" long and 8 6” wide, provided with brake power cost Rs, 3,050. If special wagons are 
_ regnired, 7 will be insufficient.—J, H. W. 
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to be given for land taken up from private individuals by. this railway, as 
it is impossible to determine this figure with any accuracy until the line 
is actually staked out. The amount will be affected by the length of time 
which elapses before the railway is begun, for land is yearly rising in 
value, and the area of its cultivation is increasing. In the case of the 
new Coonoor ghat road, it amounted only to Rs. 8,000. in cash. It must 
not be forgotten that compensation for land is a common factor to all the 
railways which may be proposed for the Coonoor ghat, and will be least 
in the case of the Rigi system, on account of its shorter length. 

Nor have I taken into account the cost of the working expenses of 
the line, as this obviously depends greatly on the quantity of traffic, i. ¢., 
the receipts. In the case of the Rigi, the working expenses were one- 
third of the receipts. The wear and tear in this system are very small 
owing to its slow speed, and the happy mechanical combination of all the 
working parts. 

I have also purposely abstained from entering into details regarding 
the alterations in all the rolling stock, which an increase in the gauge and 
the altered conditions of traffic on the Coonoor ghat will obviously ren- 
der necessary. The centre ladder-rail system was applied to the Rigi 
mountain to suit the peculiar nature of the traffic there. The circum- 
stances of the Coonoor ghat are to a certain extent similar, but they differ 
in other respects. In applying therefore this system to this ghat, the 
details of the rolling stock will have to be drawn up afresh, and will ne- 
cessarily differ from those obtaining on the Rigi. It would be beyond 
the scope of this report to consider them further, beyond saying that the 
necessary alterations can easily be carried out withoutincreasing the ta 
‘on each bearing wheel, 

It must now be shown that this railway is capable of conveying up and 
down the Coonoor ghat the mazimum load that is likely to come to it 
on any one day. One locomotive on the Rigi railway pushes up a gradi- 
ent of 1 in 8, 144 passengers with their luggage, or 12 tons of goods, and 
travels at the rate of six miles per hour. Supposing that up and down the 
Ooonoor ghat on any one day the conveyance of 864 passengers and of 
408 of goods has to be provided for, the following Table shows that this 
can be done with five engines, with the requisite number of passenger 
carriages and goods wagons, é&c., formed into five trains, following each — 
other up and down at intervals of five minutes, allowing each train 20 
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minutes: at both Coonoor and Kullar to fill the boiler and obtain fresh 

fuel, &c. To simplify the Table, the two mid-stations, which will per- 
haps. be needed on the ghat, are omitted. Only a few trains need stop 
at these stations, and, with sidings and other arrangements, they need 
cause no interruption to the general service, or in any way upset the 
figures given below. 














ofe. 
Se 5 &s (Number of! amber of 
Stations of Arrival and Departure. | 2.4 = & © |Passengers ina af Time. 
Bee.e with lug- goods, 
a? , oe] gage, 
gases” | 
COs 
From Kullar to Coonoor, up, .. 1 288 36 6 to 7-10 A.M. 
4 Coonoor to Kallar, down, 2 Ses 60 7-30 to 8-40 ,, 
yy Kullar to Coonoor, up,... 3 144 48 9 to10-10 ,, 
» Coonoor to Kullar, down, 4 Pe 60 10-80 to 11-40 ,, 
»  Kullar to Coononr, up, ... 5 ees 60 12 to 1-10P.M, 
3 Coonoor to Kullar, donn, 6 144 48 1-30 to 2-40 ,, 
»  Kaullar to Coonoor, xp,... 7 - 60 3 to 410 ,, 
» Coonoor to Kullar, down, 8 288 30 4-30 to 8-40 ,, 
iNo. of Pas-[No. of tons 
sengers. 
Possible number per diem, 864 408 








The above traffic is probably much in excess of present requirements, 
so that a single line would suffice for some years. It is only given in 
‘this way to show the capabilities of the line. Very seldom would so 
heavy a traffic in one day need to be met. The capacity of the line could 
be increased by employing a greater number of locomotives on the single 
line, and hereafter the line could be laid with a double rail. Moreover, 
the Rigi railway has been constructed to meet a heavy passenger traffic 
and a small tonnage of goods. Its bearing rails weigh only 22 ths. per 
lineal yard, its locomotive only 15 tons. I am informed, by a gentleman 
who has seon it, that there is now working near Vienna, a railway on this 
same principle, with larger engines and carriages, dragging up a larger 
paying load-per train, and travelling at a quicker pace. The time might 
come on the Coonoor ghat, when the light rails and engines should be 
replaced by those of a heavier kind accommodating a much more exten- 
give traffic. Thus it appears that the centre ladder-rail system snits both 
the comparatively small traffic of to-day, and can be expanded to compass 
the much larger traffic of to-morrow. | 
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‘If uniformity of gauge be maintained throughout the Mettapolliem | 
branch, goods of all kinds could be conveyed all the way from Madras to. 
Coonoor and vice verad without breaking bulk. The goods vans for the 
ghat traffic would possses no peculiarities, nor be so light (weighing as 
they do four tons on four bearing wheels) as to prevent their being attached 
to the Madras train running at speed on a wide gauge. With regard to 
passengers, the first class would probably prefer changing into the saloon 
carriages of the Madras railway, which would be out of place on the ghat 
line. For the other two classes no change of carriage would be necessary. 
The seats might be suspended like those on certain steam vessels, so that 
the passengers always retain a perpendicular position. These carriages 
would be sufficiently large and weighty to run easily at speed over the 
Madras line. All the Rigi carriages as before pointed out, are provided 
with peculiar cog-wheel brakes, which can at pleasure be made to engage 
into the centre rack-rail.* These brakes are sufficiently elevated above 
the level of the bearing rails to form no impediment to the carriages be- 
ing run at speed along a more level line. The goods wagons need not 
have these brakes. 

It will now be well to mect certain possible objections which may 
be started against the Rigi system when applied to the Coonoor ghat. 

First. Its cost-—M. Riggenbach states it cost per mile £26,000, 
whereas Dr. Pole says, “The capital of the company was £50,000, 
which sufficed for the first establishment of the railway, but the large 
development of the traffic has rendered necessary the doubling of 14 
miles of the line, the provision of more stock, the erection of enlarged 
stations, workshops, which have increased the outlay to about £60,000.” 
Elsewhere he says, “the railway is 84 miles long.” This set against 
£50,000, gives a mileage rate as aforesaid of £15,152. A gentleman 
wrote to me from Lucerne before he had read Dr. Pole’s paper thus: 
“The total cost of the Rigi Railway including stock, was 1} milions of 
francs, or say £50,000; but,” he adds, “ct could now be laid for a much 
less eum, as, this being the first of the kind, many experiments had to be 
made.” He further states, “the line is double for about one half the 
way, and single at the top and bottom.” Thus the only conclusion st 
which to arrive is, that M. Riggenbach’s statement refers to a double line 


'' ® Then it will be necessary that both 1st, 2nd, and 3rd class change carriages ; if this is not done 
the stock estimated for would be ineuficient.—J. i. W. 
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with workshops, and that the cost of a single line at first starting i is that 
which Dr..Pole states it to be. 

Secondly. -Its slow speed.—This is six miles an hour. This defect is 
more than compensated for by the short length of the line. Tho speed 
though absolutely slow, is relatively quick. This will be seen in the tables 
which are appended. For, the gradient at which it can be laid being 
much steeper than that of any other line, its whole length, where the ssme 
elevation has to be reached, will be shorter. It thus possesses the ad- 
vantages of requiring a smaller number of miles to be constructed in 
the first instance, of a smaller number of miles to be constantly worked 
and kept in repair, and of a much slower speed, involving less wear and 
tear, being maintained in order to reach the summit of any given elevation 
in the same time as on any other kind of railway. 

Thirdly. Its small paying load.—This objection must be admitted, but 
its force will be much lessened by considering the circumstances of the 
case to which it is proposed to be applied. No one would advocate the 
Rigi system for a place with a large and heavy traffic. But does such 
exist on the Coonoor ghat? The truth is just the reverse. The only 
doubt that arises in any one’s mind is whether the amount of traffic can 
be shown to be large enough to justify a railway at all. If the Rigi is 
cheaper than any other railway when laid on the Coonoor ghat, and ac- 
commodates all the traffic, though it be small, which that ghat, is likely 
to carry when the line is opened, there seems little more to be desired. 
Dr. Pole states of the Rigi, “ The total number of trips made up and down 
during the season* of 1872 on this single line, was 2,875; the total 
distance run was 23,000 miles; the maximum number of passengers in 
one month was 15,461 up, and 14,354 down (or 29,815 altogether) ; 
and the number of locomotives in use was five.” This was on a line 
with a gradient of 1 in 4. Whereas the line proposed for the Coonoor 
ghat will be only half as steep, and will carry more than twice the paying 
load. 

Fourthly. Its peculiarities make the necessities for uniformity of gauge 
less felt.—-It may also be objected that the evils of a break of gauge, upon 
which I have purposely enlarged in a former part of my letter, are not of 
such great moment in this case, where a railway of a peculiar kind with 
light rolling stock is proposed to be placed on the Coonoor ghat, - 

* Belicyod to be only four or five months long. — 
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which the traffic will be largely composed of passengers. . This objection 
may perhaps toa limited extent be sound. But the following considerations 
must be weighed. By first, and perhaps by second class passengers, the 
inconvenience to themselves personally will probably be not grievously. 
felt. But the changing of their luggage will be considered a nuisance. 
The third class passengers, the numbers of whom will largely exceed*: 
those of the other two classes, will be greatly annoyed by a break of gauge. 
Most of this class will be coolies with small head loads coming np to 
the Hill markets or to estates. Many of them now travel on the existing 
line between Karamuddy and Mettapolliem. In the certain confusion and 
hustling, which will accompany the change of carriages at the latter place, 
they will probably lose or have injured some of their loads, whether 
these loads are placed in their own carriages or in a separate van. The 
ghat railway would doubtless convey from the Coimbatore District up to 
the Hills live stock, such as poultry of all kinds, and perhaps sheep and 
bullocks. In the conveyance of these, and of tea, coffee, cinchona bark, 
grain, and of all other goods, the inconveniences will be as much felt as in 
all other parts of the world. And it will not be disputed that this kind of 
traffic will increase every year after the opening of the railway. With re- 
gard to the rolling stock, it must be pointed out that most of it need not 
be very different from that on the Madras Railway. It is the engine and 
not the carriage which is so different from the ordinary type. The Rigi 
carries up a small paying load, but its carriages weigh four tons on four 
bearing wheels, and hold 54 passengers. The fear of dangerous oscilla- 
tion to the rolling stock of the Rigi system, if allowed to traverse the 
wide gauge of the Madras Railway at speed, need not be entertained. 
The far lighter rolling stock of the Festiniog line on a gauge of less 
than two feet, travels at 30 miles an hour. 
In now comparing the two centre-rail systems—-the Fell and the Rigi 
-—as applied to the Coonoor ghat, we find: 
1. That the Fell costs double the Rigi system. 
2. That the Fell system will be 12 miles long, and will ascend the 
ghat in two hours, while the Rigi system will be seven miles 
long, and will ascend the ghat in 14 hours. | | 


* I think not ; about three carriage loads of 3rd clasa passengers in every passenger train that 
travels over the Bhore and Thull Ghats, have to shift into and out of the compound Ghat brakes, 
beth at the head and foot of the incline: no complaints are made, and the incunvenience is not ae 
parently very great.—J. H.W. 2 
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8. That the Feil locomotive is deficient in boiler power and compli- 
cated, producing great wear and tear of working parts ; while 
the Rigi locomotive is simple, light, and efficient. 

4, That the Fell carries up twice the paying load which the Rigi 
pushes up. 

5. That the Fell system will certainly necessitate one zig-zag; while 
the Rigi can have none. 

6. That the Fell system has been only twice applied and has proved 
no financial success; while the Rigi system has been worked 
steadily for five years, has been, and is being extended to 
several countries, including England, and has in every case 
paid large dividends.* 

Should Government desire to be more fully informed, they will find 

tabulated in three Appendices, information obtained from the best sources 

regarding existing mountain railways. For the sake of comparison, I 

have entered approximately their length, cost, and time of ascent if placed 

on the Coonoor ghat. 

It may be well here to recapitulate the points which I have endeavour- 

ed to make good in this letter. 

I. For the present, the desired improvement on the existing means 
of communication between the railway terminus at Metta- 
polliam and the Nilgiri Mountains should be for prudential 
reasons extended no farther than Coonoor. 

II. In view of what has already occurred on the Coonoor ghat, the 
improvement to be effected, whatever it be, should be of a 
lasting and permanent character, which will not require to be 
superseded by something better after a few years. 

III. No break of gauge should be allowed in the continuation of any 
railway system from the present terminus, which will be the 
centre of the branch line from Pothanoor whenever the line 
is extended as far as Ootacamund. 

IV. The existing railway should be continued to Kullar—the foot of 


* With the experience of the Bhore and Thull Ghat inclines before us, there are strong grounds 
for believing that the Rigi cog-wheels system will be much safer to work than the Fell system. 
The co-efficient of friction for iron skidding on iron is, I am sure, very much Jess in descending than 
is usually allowed for by Morin, Rankine, and other great authorities ; and in this country, where the 
working staff cannot always be 0 reliable as in Europe, it is of great importance to adopt that sys- 
tem, which as far ae can be judged offers the best chances of safe working—J. H. W. 
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the mountain—in an exactly similar way to that in which it 

has been constructed between Pothanoor and Mettapolliem. 
V. To ascend the Coonoor ghat by any system of railway, neither 
of the existing unsuitable roads should be used, but the per- 

manent way should be laid on an entirely new railroad: and, 
VI. The Rigi ladder-rail railway should be applied to the Coonoor 
ghat as being the cheapest and best suited to the circum- 


stances of the case. 
wo .L.L M. 


trp INCLINES. 


bls on Smooth Rails. 


= 





pat RACINE A LOOT 20 















































= be L 
| | ae oe & 5 & 
‘ot wD 

-! HSS ts an 20 8 

els | ooele.8 © 

oo ne eo - 4 + & i io 

= slay Sr tet cece 9-5 REMARKS. 

“i in & g° Sis 28 
aS ,/Ee a So) 
1 We eeiss SIZES Si 
me Seale 
A ‘ Miles.| Rs. | Hours 
‘i This railway has one reversing sta- 
Lakhs ; tion or zig-zag. Took 4 years to 
36 sal 3} study ground and explore, and 7 
jyears to construct the line. Rails 
| iweigh 85 lbs. per lineal yard. 
34 a -_——_— 

i ~ Crosses the Noric Alps. Takes 
| up trains of 165 tons gross weight, 
engine and tender included. Took 
! G years to explore for line, and 
| J i 

40 | 260) 34 or |5} vears to construct it A tortu- 
14 lous’ line with numerous curves. 
| iThis line which is laid with a 
; double way throughout, cost £98,270 
| § per mile. 
| a ene 
a ~ Draws trains weighing 80 tons, 
32 3 
~~ | | Cece LL. BE hee ae eco ae 
4,4 he: 4’ 8§" gauge steel rails laid on 
i the heavy ‘inclines. 
4 22d Drags up trains of 200 tons gross 
weight. 
| 
| ——— | ——_—— Deen Sane sees, 
5, ~‘'Pheen engincer of this line advocates 


it only for temporary use. The cars 
dragged up when full weigh 43 tons. 

3 or All the cars are provided with a 
4 break to each wheel, and a breaksman 

| is stationed ateach end of the car. The 


sae wee 


whole distance worked by the moun- 
tain engine was 8 miles, over which 
| ithe average gradient was 1 in 294. 


+ Al EN A. tata RES EEE Lt. 
ee dn ee 


i) 
| s 


| 
pe 


a ed TO et CO 








| 


o> 


— 


” | 


s with I8 
’ diameter, 

ig without | 
uel, weighs | 


7 





eed 


with four 


amt bowies. 


th vertical | 
the perpen- 
It has a 
It has two 
16%. They 
ria special 
g axic, and 
Ji wheel is 
meter, thus 
for the one 


* in diame- | 
ft, but run 
of the best 
axle. It is 
eeth. This 
ith a centre 
‘tive works 

racl- rail. 
ns provided 
‘nm, and pre- 
ines, 





| 
| 
| 
| 
| 


xX puLrs oe 
} 
| 
{ 


in 


Length if placed on 


the Coonoor ghat 


miles, 


Miles. 


35 


Se eanatenn dnieeeanl 


25 


acer 


7 


Approximate cost if 
placed on the Coonoor 


ghat in Rg, 


| 


i 
~~, 
& 
° 








: Lakhs 


eae ry ee me ee tee 


xs’ Proha-; 


| Lakhs = 


ene EE A ee I et ee nee et 


eee etecnme Meee Seat eae me Te ET IIE SS 





hours. 


in 


REMARKS: 


Pe a ee ee ee NE 
oe, Se eles apes 


Probable time occu- 
pied in ascending Coo- 


noor ghat 


mel 








cc 


ales 


rR 
s 
a) 
e 


Ne] 


A very crooked line. 


a ee ee ce ay NER 
‘ ~ _ — - 





; \ , 
Has three zig-zays oy reversing 
stations. This dine traverses a very 
Proba-, rngyed and precipitous country, 
bly 3) Its earthworks and rock cutting 
or 4 , have beeu unusttally heavy. 

1 Gange 4 83" Double headed 
yails weighing 75 Ws. per lineal 
» yard. 


i 


4 


eeecererr enter Mecremamin an Stine! eemercmmnens SANA ED 





meen we! 


1* 
2 


Gauge #' 8 
bly 3] 


— 


ve TTD 





en EO SST Sy 


On 1 in 4, one locomotive can 
| _ push 54 persons with luggage. 
On 1 in 10, 180 persons with 

-lnggage. Bearing rails w eyrh 22 ths. 
_ per lineal yard, Centre ladder rail 
| : weighs 1217 ths. per lineal yard. 
| Permanent way consists of cross 
{ 


hb. m. | sleepers 8’ x 7” & 6" Inid 2'6" apart 
' 1-10 | from centre to centre, and united 


firmly into a strong frame by longi- 
tudinal timbers 7” x 6” on each 
. side, 63’ apart from eentre to centre. 

This framing is strongly secured 
at intervals of 400 feet to masonry 
foundations built into the forma- 
tion below. Gauge 4’ 83°, 


eek agen en ee amen ee 





See) epee eee ere Re ee ame Tene renee 


untriess This is not absolutely correct, but is uear enuugh for purposes 


Srkev INcrines. 























: gr — ee a ea a 
Ore ove es 
leg tae: 2 Ors 
ae TS > 2 eee Be 
he 4 5a ¢ | aE ou 
3 to |S {2.5 2} 
ie ee ee ea 
a 28. |S aly Bae NEMARKS. 
i Lae (Bees fe: 
. =. > —- Oo” az = | 
2 > a seen Save 
a-sl|BE iets 
A gait esi 2 & 
- S 8! ‘erecl “Ret _ 
Miles.| Rs, | Hours 
} An easy line, 3’ 6” gauge, rails 
Lakhs weigh 50 Ibs. per vard, 
44}; 36 | 23 
aper | Gange 3' 6% Mr. Pihl does not 
127 recommend a less gange than 3' 6’, 
mo- lexcept under very special circum- 
two Lakhs 2, and jstances. Rails weigh 38 Ibs. per lineal 
» . 
ms, 4 21 h. om. ivard, execpt on steep inclines, where 
ha 8 2-4O0\they weigh 42 Ibs. Width at ‘torma- 


| 

| tion level in cutting and embank- 
We is 18 feet. Ballast 8’ wide at 
| top, and L’ 0” in thickness. 


eenceneneneste ree oer me — = 





eter nna ene on 


tach | Is a single line. Gauge 1 113". 
heel | ‘In cuttings, roadway at formation 
rine level only & feet wide, on embank- 


pir] BO 94 | 2 ments 10 feet. Double-headed rails 
rons weighing 49 Ibs. per vard. The 
da. {permanent way 1s in first-class order 
land well drained. ‘The carefully 
made ruls are almost rigid. 





| 
| 


Ee eeareneenmnmatiel 











| On 7 in 4, one locomotive can push 
Ist persons with Inggapye. On 1 in 
l10, 180 persons with luggage, Bear- 
‘ing rails weigh 22 Ibs. per lineal 
ivard, Centre ladder-rail weighs 121 
Ibs. per lincal yard. Permanent. way 
‘consists of cross sleepers 8'« 7” x 6", 


Lis Haid 2 6° apart from centre to centre, 
bhus and united firmly into a strong frame 
e of by longitudinal timbers 7” « 6” on 


h. ™. leach side, 64' apart from centre to 
1-10 (centre. 


» 
9 
Sea 
= © 
eed eet $ 
ee DO A RR ORC cots eens — one =e a a = 


i but This framing is strongly secured 

i the at intervals of 400 fet to masonry 
It foundations built into the formation 

eth. below. Gauge 4’ 83”, 

h a 

mo- 

ntre 

pro- 


H 
oN Sreezr Iwcurgs. 


‘eep Inclines. 


hes 








BR SB ie 2 
2S |e 
z +2 8 a 5 ©) 
o & o S 5 z 
i<j a o of ms 
a” 6lBe J283 
he = pa 
HS 16S 18 REMARKS. 
gai /Bedle 33 
bo S BO eS wo 
EQ ~lere- iS. ty 
3 ripper are 8 paar e 
omiS esses 
want SEI ER! BEI 
Mites.) Rs. |Hours. : 
der 14 This railroad was laid over the 
er, con- outside skirting of the high road of 
surface | the mountain. The road was 32 
our cy- jfeet wide, 13 of which the railroad 
ike for occupied. Gauge 3’ 78". Rails of 
ameter,! the J Section, weighing 75 lbs, per 
ers 1] | 21 | ‘lineal yard, ‘To provide fur the car- 
‘dl eae Soe iriagre. of 132 passengers and 88 tons 
Lakhs | ‘of goods duily, three trains were run 


rade | 
rovern-| g i 42 'Qor 3 each way, one train carrying 40 pas- 


a 
sadvane' Jin? SEULCTS With Iugymee, & ‘second train 
‘ded tos) lcarrying 26 passengers and 20) tons 
g I 
‘of goods, and a third train carrying 


at trafic! 
‘ry falls: 
to some: 


"4 tons of goods; the first. train 
‘being taken up with one engine, the 
‘other two with two engines each. 

' Captain Tyler, RE, estimated 
ithat this same line, if made perma- 
inently and on a railway of its own, 
‘would cost £20,000 per mile. 


| 
2. 
4Ir 3 its. | 
’ 
{ 


, 
| 
| 


- 








a 
| 
Le 








coop : | Gauge 3! 7%." Rails of which 
pair of; 
pairof 12 | yard. Centre rail being carried 9” 


plicated: at a: ‘above the carrying rail, The total 
Sipping! con- | ‘haul on this line, including weight 
cel base! tinu. | ve a " engine aud curs is 73. tons. 

¢ orders ous {| Q 
rizontal, gradi- | 


: jets are three, weigh 65 Ths, per 
| 














of each’ ent or ! 
revers-'1in 13. 
ary and | 

| 

= || | —___ a 
u tubes. Qn 1 in 4, one locomotive can 
cular at push 54 persons with Juggage. On 
N water] lin 10, 180 persons with luggage. 
0 ¢ylin-| Bearing rails weigh 22 Ibs. per lineal 


‘do not; | yard, Centre ladder-rail weighs 121 
al crank | lbs. per lincal yard. Permanent 
is con-| | way consists of cross sleepers 8' x 
$87" inl 7 7” » 6", laid J’ 6" apart from centre 
giving) ata _ centre, and united firmly into a 
he ae con- strong frame by longitudinal tim- 
; tinn- | Lakhs’ h. m. thers 7' x 6" on cach side G$ apart 
diame- ous | 42 | 1-10 |from centre to centre. 
bat run gradi. | This framing is strongly secured 
“he best ent of | atdntervals of 400 feet to masonry 
t is 25" Ling. . foundations built into the forma- 
This: tion below. Gauge 4° 84". 
a centre: 


rs) awk a, 


He 


AN INDIAN ENGINEER’S NOTES ON THE GRAND JUNCTION CANAL, 287 


No. CLXVI. 


AN INDIAN ENGINEER’S NOTES ON THE (LONDON 
AND BIRMINGHAM) GRAND JUNCTION CANAL. 


{ Vide Plate XXXVI.) 


Section of Canal.—Sxcrion, of course, not always constant ; very 
common section that shown in Fig. 1: 35 to 40 feet surface width, 
and centre portion, for a bottom width of 14 fect, always kept dredged 
out to full depth of 54 feet. 

Towing-path on one bank only, and not maintained with any particular 
care, but generally sloped gently to outside to give surface drainage a run 
off. In places, shifted from one side of canal to the other for convenience 
or economy of maintenance. At all heights above water from 3 inches to 
24 inches. Very common way of revetting inner slope along line of wash 
is shown in f7g.1. Lower bricks laid dry, the water soon depositing 
astrong mud cement between them: upper course in mortar. Bricks not 
stepped back, slope being given in foundation. Some of this revetment 
laid two years ago, on a part of canal much used, is quite as good as new. 
Only object of keeping towing-path low, that I could ascertain, is to 
reduce expenditure on maintcnance of inner slope above water line. 
Engineer allowed that it became flooded and very sloppy in many places 
during wet weather. 

Disposal of flood water.—The rise of surface level from heavy rain is very 
slight, owing to the ample provision made for escape of storm water over 
bye-washes and “ tumbling weirs.” A heavy thunder storm will only raise 
the canal pound near Blisworth (16 miles long) from 2 inches to 8 inches. 
The ‘tumbling weirs ” are of the most primitive description, either in long 
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slopes of masonry or rough stone, or in long steps of masonry; but head 
of water on them, as a rule, very trifling. Some bye-washes at locks of an 
objectionable design, leading flood water from above lock right into lock 
chamber, where it must cause accumulations of gravel and silt. 
Rain-fall_— Maximum rain-fall, 27 inches; minimum, 17 inches; mean, 
22 inches to 23 inches per annum. 
Loss from Lockage, &c.— Loss from lockage and leakage in dry wea- 


ther from summit level estimated at 130 locks a week, which wonld give 
130 x 9000 


a current loss of 5 Sor 6b cE 


g oF very nearly 2 cubic feet per second. 


Pumping Engines.—In order to supply this loss, pumping engines 
employed to lift water from reservoirs at Little Tring to summit level 
of canal. Another part of canal supplied by engincs pumping water from 
the “green sand.” Engines at Tring, are old, Boulton and Watts, Jow 
pressure; one 70 H. P., but working expansively up to 85 H. P.; another 
60 H. P., working similarly up to between 70 and 75 H. P. The larger 
pump working at time of my visit, and said to be lifting 240 gallons of 

water 70 feet per stroke, 11 to 10 strokes per minute ; 


ean PAO TO tx 0 x10 = 56 HP. — power: this 
would give a modulus of efficiency for the engine of 2 — = 0:66. Noguides 
or brackets to steady pump beam, which must havo been 80 feet long; 
beam of fir 11 inches x 11 inches, scarfed in 20 feet lengths, worked 
very steadily and smoothly; almost entire absence of vibration and concus- 
sion. Bucket of pump, 30 inches diameter; valve, 
Harvey and West’s patent, of which main feature is 
(vide Fig. 2) a hollow iron cap sliding up and down pump shaft over a 
space of about 3 inches, and fitting down closely on to a circular plate at bot- 
tom of shaft. Cap A rises and admits water as pump shaft descends, closing 


Pump Valee. 


down on to plate BC as pump shaft is raised. Man in charge of pump said, 
that when the old butterfly clacks were in use, the concussion at closure 
of valve was perceptible all over engine-house; that each butterfly valve 
cost £5 to gear, and lasted only 6 months, while the new valve would last 
50 years. But they were very apt to get out of order if any sand came 
in with water, as collar jammed, or else wore away very rapidly, With 
coal at 9s. a ton (!), water cost Is. a lockfull at summit level.* 


* 6s, Gd, a lockful according to Chairman of Company. 
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Bridges.—Canal bridges of various spans from 14 feet to 24 or 25 
feet. Headway varying from 84 to 10} feet in older bridges; towing-path 
not carried under arch, but the later bridges, especially those built at 
other people’s expense, provide for towing-path under arch, and give 
plenty of headway. 

Aqueducts.—-Could not see any plans of the old masonry aqueducts on 
line, but there did not seem to be anything particularly noteworthy about 
them, Canal Engineer appeared to object strongly to iron troughs on’ 
account of the leaking at junction of masonry and iron, and the only 
design for an aqueduct that I saw was exactly similar to the common 
Indian plan, carrying the earthen embankment across the drainage, and 
providing good puddle walls and bottom for channel, (vide Fig. 8.) 

Locks,—Locks varied in height of lift, and depth of water in chamber 
with tail gates open. Waste of water caused in some flights by heights 
of lift not having been kept uniform. General dimensions of locks 88 
feet length; 14 feet breadth; and 3 feet 10 inches to 5 feet 6 inches depth 
of water in chamber; lift varied from 6 to 8 feet. General dimensions 
of masonry walls, &c., in locks of 6 feet lift seemed about the same on 
those of our Ganges Canal locks of 8 and 10 feet lift. Owing to excel- 
lence of foundatious all over line of canal no concrete used anywhere, so 
far as I could ascertain. | 

Flooring of Head bay.—In the older locks, the top of lift wall covered 
by a strong timber platform, with timber main and mitre sills, as shown 
in Figs. 4a, 4b. These now being re-placed by a cut stone flooring 
(in place of 12 inch x 6 inch beams), iron mitre sills, and timber main 
sill. The latter, in some cases, curved, but no great importance attached 
to cambering the beam. Jn all cases, however, the space over which 
gates swing kept 10 inches at least below top of mitre sill, and 4 inches 
to 6 inches below under side of bottom bar of gates, so that these swing 
clear of all gravel and rubbish. As soon as any gravel collects in this 
recess under gates, stop planks are dropped into grooves cut for the pur- 
pose in side walls of head bay, water is run off and recess is cleared out, 
For tail gates, it becomes necessary either to drop in stop planks below 
the gates and pump the chamber dry, or if pound below be a small one, 
and water is plentiful, the water is run off from whole pound. 

Fender beams on lock walls: projecting 24 inches from wall face: 
anchored to back of wall by iron rods with nuts and washers: bevelled 
edges, (vide Hig. 5). 
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_ Filling Locks.—No side culverts used to fill locks, unless where side 
ponds used, and in a design for a new lock, where they were introduced, 
they were shown as discharging into lock chamber under lift wall. Not 
nearly so good a design as ours on Ganges Canal, where they discharge 
through side walls of chamber. But owing to excellent workmanship 
of gates, leakage is reduced to a minimum, and side tunnels are per- 
haps not required, as by working gate sluices alone lock can be filled in 
three minutes, emptied in three minutes, and a boat can clear lock in 
eight minutes. 

Hollow quoins, iron faced, batter outward, } inch to the foot. An- 
choring plate for collar of heel post of gate very strong solid casting, tied 
firmly back to massive stones. Is not attached to iron facing of hollow 
quoin, (which is tied to masonry by independent anchoring bolts and 
plates, and is let into main sill at bottom). When they are connected, 
jars and shocks received by collar plates are found to shake facing of 
hollow quoin lose. 

Side Ponds—Owing to scarcity of water one out of each set of double 
locks has been converted into’ a side pond. Locks were doubled, just as 
railways commenced working, with an idea of accelerating traffic, and 
competing with railroads. This of course proved unavailing, and double 
locks doubled expenditure of water, so now side ponds take their place, 
saving half a lock full of water cach time lock is used, (vide Figs. 6a, 65). 

Lock gates.—Owing to cost of water for lockage, every effort is made 
to reduce leakage, and that through lock gates has certainly been reduc- 
ed to a minimum. Old gates consisted of 2-inch planking, spiked on 
to 8-inch cross bars (as on Ganges Canal,) and were found to leak so 
much that it has paid the Company well to substitute for them the 
new solid gates described below. With these, moisture is barely visible 
on down-stream side of closed tail gates with 12 feet head of water on 
upper side. Being fitted with balance beams they swing so easily that 
a child can open or close them when the head of water is the same on 
each side. 

Heel post, oak, 12 inches x 10 inches at bottom., battering out 3-inch 
to 1 foot, to fit hollow quoin: mitre post, oak, 11 inches X 10 inches : 
bottom bar, oak, 11 inches deep by 10 inches wide, rabbeted 34 inches on 
upper side, (vide Fig. 7,) connected with heel and mitre posts by L plates 
3 inches x 4-inch. 

Filling in of fir beams, 10 inches thick, by any suitable width, bolted 


AN INDIAN ENGINEER'S NOTES ON THE GRAND JUNCTION CANAL. 291 


together by 14-inch round bar iron running through centre of thickness, 
at about 2 feet 2 inches apart from centre to centre of rods: ends fitted 
with nuts and washers. Fender planks of oak, 12 inches x 2 inches, 
spiked on to gates where boats are liable to rub, about 12 inches apart. 

Balance beams, oak, 19 feet to 20 feet long. At mitre post, 10 inches 
by 10 inches: fall back, 10 fect 6 inches to cover heel post, where they are 
12 inches to 13 inches square: at extreme end 18 inches to 20 inches 
square. If made too heavy at end, they are liable to wrench and twiSt 
gates, if not shut evenly. . 

Sluices, 19 inches x 14 inches clear width: one in each head gate 93 
fect x 64 feet :* the above area is found most suitable, larger area being 
liable to wet boats, and drag gravel into lock. Sluices of cast-iron, 
worked in oak frames and grooves, by iron rods, with ratchet and wheel. 
Sluices for side pond culverts are elm paddles working in oak frames 
and grooves, lifted by lever, and kept up by catch. 

Gate pivots point downwards. Foreman preferred this arrangement, 
considering pivot less liable to break, and easicr to be got at when attached 
to heel post. Cup in which pivot works cut like a slot O to allow of play. 
Sally of gates and mitre sill, 3 feet 6 inches for 14 feet lock. 

Cost of a pair of tail gates for a 14 fect lock (height of a gate 12 feet 
8 inches from top of mitre sill to under side of collar hole,) about £110 to 
£115. Cost of a pair of head gatcs, £90 to£95. Average cost say £100, 
of which amount labor averages about £10: used to average £12, but 
introduction of a planing machine reduced labor expenditure £2 per 
pair of gates. No lockmen maintained as a rule: where a flight of locks 
exists, one man paid as a sort of “carctaker,” but all work at locks done 
by bargemen. As a sct-off against this economy, must be put the extraor- 
dinary precautions everywhere noticeable against damage to locks from 
rough and careless handling of boats or lockgear. | 

Gauging Mill Streams.—QAll mill rights most tenaciously preserved 
Jaong line of canal, and gauging of mill streams invariably effected by 
flow over a notched board. Engineer said they preferred never having 
greater head than 6 inches on notch, extending length of crest as might 
be necessary. 

Blisworth Tunnel.—1} miles long, width apparently 14 feet, (same 
as Jocks,) depth of water 5 feet ; but here and there obstructions, (either 
deposits of gravel, or beams across bottom of tunnel,) reduce depth to 3. 
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feet 10 inches, or 4 feet. Only three ventilating shafts in whole length 
of arch crown, and one side shaft, opening out just above water surface. 
Formerly, boats were “ legged” through the tunnels. Men, employed for 
the purpose, lay on their backs on boards, Jet down hor- 
izontally like wings from the boat’s sides, and shoved 
boat through with their feet, pushing against sides of tunnel ; on meeting 
another boat, wings had to be drawn in to admit of ite passing. Charge 
for this cumbrous operation, 1s, for each empty boat, or laden boat 
under 20 tons; 15d. for each laden boat of higher tonnage. This system 
was re-placed last autumn by an endless rope of steel wire, which revolved 
round drums driven by steam power at one end. The rope was sup- 
ported at the ends of tunnel, but inside was allowed to 
trail along the bottom, apparently owing to difficulty 
of getting the boat fastenings past the points of support. The boats 
were to make fast to the revolying rope, as they came up, and be towed 
through tunnel; but the ropes wore out so quickly that the Directors re- 
fused to continue the system, unless some firm would guarantee a rope 
to last for 18 months. At first none came forward, so tug steamers 
were ordered, and just as tugs were put on line, a firm volunteered to 
guarantee rope for the prescribed time. Tugs, however, are now worked 
in tunnel; although engineer preferred the rope, conld he have got it to 
work satisfactorily. The Traffic Manager of Canal, 
however, considered objections to tug much exagger- 
ated. These were—Ist, Filling tunnel with smoke; 2nd, Causing greatcr 
expenditure of water in locks ; 3rd, Delaying trafic. 

lst.—The smoke nuisance is said to be very great on foggy days, 
although the tug is fitted with a sort of smoke consuming apparatus. Tun- 
nel was perfectly sweet and clear when I went through, on a bright clear 
day, but two men were actually suffocated in the tunnel on some previous 
occasion before smoke consuming apparatus was introduced. 

2nd.—TExpenditure of water, said to be increased by the fact of boats 
being towed through the tunnel in trains by the steamer. Formerly, by 
the “legging” and wire rope systems, boats worked independently, and 
when water was scarce, a boat arriving at head of a flight of locks, could 
without much inconvenience be kept waiting for a boat working up, s0 
that the one working of locks would do for both. Now the towing 
through the tunnel in trains (boats being kept waiting until train is 
collected) tends to establish a system of trains up and down, which may 


Legging. 


Towing rope. 


Steam towing. 
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or may not meet at a flight of locks—most probably will not—so that 
a double expenditure of water is caused. 

3rd.—The delay caused by tug is undoubted at present. Boats have 
often to lie at mouth of tunnel, waiting for the tug to return, or for other 
boats, quite an hour and a half, during which time they could have been 
“legged” through. Time is a much more important element in canal 
traffic in England than I had supposed. However, Traffic Manager says, 
that traffic will soon adapt itself to the new ways; that the steamer will 
have fixed hours for leaving either end of tunnel, which bargemen will soon 
learn and suit themselves to. Tug ‘ Spider” working, when I went to 
tunnel, about 8 H.-P. nominal, carries no cargo, 
draught about 3 feet 6 inches, can tow 13 boats, aver- 
aging 20 to 25 tons burthen each, over the tunnel reach (1? miles) 
‘in 14 hours. Took us through without any train in 35 minutes, 
but steering at entrance of tunnel very wild, owing to darkness of tunnel 
and tug’s tendency to run abont. The banging against sides of tunnel 
was most reckless, bricks knocked out of masonry lining by shocks of 
barges, &c., in many places. Tug, when going throngh a narrow chan- 
nel, drives water ahead of it (quite one foot difference of level between 
water surface a few yards ahead of tug and opposite screw when we 
were going through). This of course impedes way of boat, and makes 
it settle down very much astern, increasing apparently the draught. 
‘owing a boat keeps stern up somewhat, but still ample denth must be 
allowed in all contracted channels below keel of deepest bout likely to pass. 

Dredges.—Two small dredges, cach about 8 H. P. nominal, steadily 
employed in removing sand and gravel from bed of canal. Work at a cost 
of about 6d. a ton dredged ; one will load a 30-ton boat in half an hour. 
A hand dredger also used, consisting of a scoop at end of a long pole lifted 
when full by a rope and windlass in bows of boats; four men can lift 
into boat and empty 20 tons of mud (one boat load) in a day; contract 
rate 1s. per ton dredged and emptied. 

Boats.—The boats in use on canal vary from 15 to 35 tons burthen, 
beam about ,!,th length ; draught never exceeds 3 feet 6 inches. 

35 ton cargo boat, 71 feet long, 7 feet 1 inch wide at water line,* 
6 feet 6 inches at bottom, 3 feet 10 inches depth of side in centre, shear- 


ing up 12 inches to each end; draught when fully laden 34 feet, cost 
£135 to £145. 


Tug “Spider.” 


* A little less at gnuwale 
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Hauling.—I saw some boats being towed from the gunwale by a rope 
passed under thwart A, made fast at centre B of boat’s longth, (vide Fig. 8). 
Others from a mast placed at about one-third boat’s length from bows 
and standing about 6 feet above water surface. The boatmen prefer the 
latter method as the pull is more direct : tendency of it is to keep bows of 
boat down in water (instead of lifting them out as when towing from gun- 
wale) which makes boat steer bettcr ; and, thirdly, rope clears all obstacles 
on towing-path. The further aft the point of attachment is, the easicr the 
boat will steer, provided it does not pass midships. In towing barges 
by tug, towing rope is attached to swivel in stern of tug, owing to want 
of space on deck of tug; but it should in preference be attached to a 
ring running on a bridge about 10 feet from stern, and the nearer mid- 
ships the point of attachment is the steadier tug will be. 

Steam Towing.—Towing by steam evidently docs not pay where there 
are many locks, but in long level reaches its cost is just about half that 
of towing by horse-power. Speed of horse never exceeds 2 miles per hour; 
tugs do 23 to 34 miles an hour without distressing anything. Traffic Ma- 
nager of Canal considered that steam haulage paid when 25-ton steamer, 
8 H. P. engines, carrying 15 tons cargo herself, towed boats carrying 
altogether 60 to 65 tons more cargo, from London to Birmingham, a 
distance of 150 miles (186 locks). Estimated average cost of steam 
haulage on canal, 0-38d. per ton per mile, including all expenses. Where 
haulage by horses is still used, the Company provides horses in relays at 
every 20 miles, barge owners paying for their use. Notice sent by post 
to men in charge of horses at various main stations of despatch of trains 
from either terminus, stating number of horses required. 

At first the canal was only used by traders and Carrying Companies, 
but as railways became generally uscd for traffic, the Canal Company found 
that they would lose all their custom, unless they became carriers them- 
selves, and they now engage to collect and deliver goods just as any Rail- 
way Company does, Great efforts are made to retain custom during 
seasons when canal is closed by frost, (as it was for five weeks of the winter 
just-past,) it being found that when men get “a taste of the rail” they 
are hard to lure back to the canal. 


March 11th, 1871. H. A. B. 
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By Lirut. J. F. Miturr, Assoc. Inst. C.E., Exec. Engineer, Punjab 
Irrigation Branch. . 
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General Description.—The object of this canal is to provide a shorter 
communication hetween the great Shipping Port of Amsterdam and the 
North Sea than that at present existing by the North Holland Canal. 

The new canal, commencing at Amsterdam, passes through the Lakes 
Jj and Wijker Meer, strikes the clevated ground of the Western 
“ dhunes” or Sand Ilills, near Velsen, and is carried in considerable cutting 
through them, during the last three miles of its course, till it reaches 
the sea, where its mouth is protected by two long breakwaters of about 
a mile in length, their ends being slightly inclined to each other. These 
breakwaters enclose a harbour of about 750 acres, well sheltered against 
storms from all sides. At about half a mile from the sea are the locks, 
three in number, and abreast of each other. Two of these are arranged 
for the passage of shipping; and the third, on the right flank, for sluicing. 
The total length of the canal is 15 miles, thus saving a distance of 35 
miles over the distance traversed by ships at present using the North 
Holland Canal, which latter is 50 miles from the Helder to Amsterdam. 

The dimensions of the new canal are as follows :— 


feet. 
Width at water's surface, oe 5 - ‘a ee 197 e 
Do. bed of canal, Ss os ve s% -- 88 
Depth of water in do., ee ee ve oe oe = 629 
Berms on either side, each,  .. Ss ais x Ps 33 
Width of locks, a v4 mv a -- 60 


The berms are about 1:5’ under water, and spoil banks 15:5’ wide at top. 
VOL. IV.—-SECOND SERIES. 2 Q 
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The canal is being excavated by an English Company, under concession 
from the Netherlands Government. <A large portion of the stock being 
held by Dutch capitalists, some of whom are also Members of the Board 
of Direction, and from their local knowledge well able to offer wise 
counsel. The original estimate for the Project was two millions sterling, 
and the Company decided to carry out the work by contract, arrangements 
being entered into with the English firm of Henry Lee and Co., who 
commenced operations some eight years ago, and will, in all likelihood, 
complete the canal within the stipulated period of 10 years. <A close 
supervision of the works is maintained by the Dutch Government, by 
whose Engineers all works have to be passed on completion, and who 
indicate generally the conditions under which operations: shall be carried 
out, both as to the building of the canal and its working. 

In connection with the canal, and simultancously being executed, 1s a 
system of reclamation of lands hitherto under water, to the extent of 
13,000 acres, divided into eight plots termed “ polders,” and occupying 
the whole of the surface known as the Lakes Wijker Meer and the ]j, 
Up to the present time the whole of the former lake has been drained, and 
a portion of the laticr, and crops grown thereon. The ont-turn from such 
lands being extremely good, and fully justifying the belief that this part 
of the scheme must prove financially a success. Indeed, the feasibility of 
reclaiming large shallow lakes has been so far established as to render it 
probable that ere long operations will be initiated for dealing in the 
same manner with the whole Zuyder Zee. The main objection to the 
more extended scheme being that it would interfere considerably with 
the privilege of water carriage, at present enjoyed by towns on the shores 
of this inland sea. The inhabitants would either have to be heavily com. 
pensated for the loss of such accommodation, or else provided with a 
system of canal communication by branch channels to enable their ship- 
ping to reach the main trade arteries. The money provision for this 
great undertaking has been stated at as high a figu¢e as 40 millions sterling, 
but this was under the supposition that the old expensive system of 
embapking in vogue in Holland would be resorted to; whereas, Mr. 
Lindsay (the Contractor’s Engineer for the Ship Canal) believes that 
the object might be attained for an expenditure of only four millions 
sterling ; his plan of forming embankments being adopted. In much of 
the land reclaimed a stratum of peat turf has been found, the removal 
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of which, previous to the commencement of tillage, provides a supply of 
a valuable saleable commodity. - 

Excavation of channel.—Throughout the portion of the canal extend- 
ing from the Zuyder Zee at Amsterdam to the deep cutting, com. 
mencing at Velsen, where the line passed through shallow lakes, the 
section was dredged out, ard the material deposited on the sides to form 
banks. But this material not being found sufficient for the purpose, the 
earth from the deep cutting was brought in barges and placed on the 
top of the banks formed by the dredgers. This process was found, how- 
ever, to be very expensive, and was consequently discontinued in favor 
of a plan invented by Mr. Lindsay, which is conducted as follows: the 
cost of forming banks by this means being to that of performing the 
same work by carriage of earth in barges as 1°5 : 20. ° 
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The bank a having first been formed with dredged material, deposited 
from shoots in connection with the dredging machine, to a height slightly 
above the water level; two small dowels c c are formed by hand, of 
earth excavated from trench J.” The space between these dowels is 
then filled up by pumping liquid mud on to it, the water of the mud 
flowing away through a trough in the dowel, and the solid particles deposit- 
ing in thin compact layers. If sufficient height has not been obtained 
by filling up to the top of the dowels first constructed, a second and 
similar operation would be conducted to raise the embankment to any 
height necessary. The pump used for this is of the ordinary centrifugal 
type, and has a scarifying wheel with pronged arms, working opposite the 
mouth of-its uptake pipe. This stirs up the mud at the bottom and 
ensures a supply of ooze, often containing as much as 70 per cent. of 
solid matter in suspension. The pipes which deliver this mud on to the 
embankment are about 18-inch bore, and in 10 feet lengths, joints 
between them being made by leather sleeves, secured on the end of each 
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pipe by means of a hoop-iron band. The pipes are of pine lathes, built 
together, and hooped like the staves of a cask. The pumps and engine 
actuating them are in a barge, which moves along the canal to any point 
required. The pipes are then laid out from the delivery port of the 
pumps to the embankment, being floated on the intervening water by the 
attachment of timber balks. The banks of the canal in this, the shallow 
cutting, are protected from wash of passing steamers by a covering of 
wattles laid as shown below. 
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Three layers of wattles interlace under the lower fascine, the top of the 
upper layer being confined by the fascine a. The fascines are pegged 
through with stakes driven well into the slope. 

The part of the canal extending from Velsen to the Harbour Works 
on the North Sea, and passing through the Sand Hills is in many places 
in very deep cutting. Its construction was carried out by locomotives 
drawing trains of the excavated material up inclines of various gradients, 
from 1 in 70 to 1 in 100, the stuff being either deposited in spoil or run 
out on a staging over a portion of the canal already in use, and tipped 
into barges which conveyed it to points where the banks needed raising 
in the lake portions of the canal. There were 11 locomotives employed 
in all on this three miles of channel, aud the day’s work averaged 20 sets 
of 20 to 24 two and-a-half cubic yard wagons run out of the cutting. 
The inclines were arranged on either bank of the canal, and such of the 
material as lay in a position behind the lower terminations of the incline 
was ‘back-handed.’ The weight of the empty wagons was 1:5 tons, 
and their duty por mensem for each one employed, 35,000 cubic feet. 
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The protection of the banks in the deep cutting is effected with oak 
piles and pine planking disposed az below. 
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Oak piles at 4 fect intervals, with 2 inch planks (of which there’are four, 
each 1 foot deep) spiked to them. 

Locks.—The locks are of brickwork with sandstone quoins, sills, &c., 
and have double gates for safety, the outer being of strongly framed iron- 
work, and the inner of wood. Excepting their great size (150’ x 59’) 
there is nothing peculiar about these works. The provision of a separate 
lock channel for sluicing, and that one on the flank, is open to question, 
as it only performs a function which the central chamber could equally 
have performed, and from its position induces a scour down one of the 
canal banks, where eroding action is not desirable, 

The getting in of the foundations of the locks was attended with much 
difficulty, owing to the unstable nature of the substratum. A coffer-dam 
having been constructed, preparations were made to lay in a concrete 
foundation, but before this could be done, the pressure of the water-logged 
sand so affected the shect-piles of the dam that their feet were pressed 
inwards till they met, their cross section resembling the letter V. Mr. 
Hawkshaw, who was employed as Consulting Hngineer, determined to 
lay in the foundations between the piles as they were, and not to re-con- 
struct the coffer-dam, and this was done with good effect, no subsequent 
settlement having taken place. 

Break-waiters.—The two long moles which run out into the sea at 
the mouth of the canal are constructed of concrete blocks, weighing 
from 10 to 20 tons each, laid in position by a Wellington Crane, The 
rock at the bottom is ruughly levelled by divers previously to laying in 
the lower blocks, and all the blocks arc cramped together withiron. The 
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upper courses above water-level have their joints grouted up with Portland 
cement, and the top of the completed work is also finished off with a plaster 
ofthe same. The Harbour works are connected by rail with the concrete 
factory, on the canal bank at Velsen. The plant for the manufacture 
of blocks having been erected there as soon as the canal had been completed 
to that point, thus securing water-carriage for the materials so far. 

Hitherto the break-waters have stood well the storms of winter, and 
where failure of any part has occurred, the cause is assigned to the light- 
ness of the blocks first used (10 tons), and arrangements are being made 
to re-place them by blocks of double the original weight. 

Factory for Concrete Block.—This is established at Velsen—the point 
where the deep cutting commences—the yard being close to the bank of 
the canal. All material is brought here in barges, and unloaded by four 
steam cranes, erected on stagings over the boats. The cranes deliver 
the shingle, &c., into wagons, drawn by horses on trams, to the mixing 
cylinders, whose hoppers are placed on a staging about 20 feet high, and 
provided with a steam crane, by which cement, &c., are raised and tipped 


direct into the hoppers. 
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The above sketch ee the sal of the three mixing uate 
fitted on the counter-shafts @ to 6 to which latter motion is given by a 
belt from the main shaft c,d. Each counter-shaft is provided with fast 
and loose palleys, so that the cylinders can be stopped and started sepa- 
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rately. The following charge is filled into the mixing cylinder at each 
feed, and represents the composition of the concrete blocks as used :— . 


Shingle, ee sei ee ses oe $c metre. 
Sand, Ses a ove sa sea do. 
Portland cement, ... eek i rae i do, 
Water, eae .» 6 buckets. 


This having been run into the revolving cylinder, through the hopper 
on platform 2, and mixed for about five minutés, by rapid revoluti6n of 
the cylinder, is shot through an opening in the bottom into an iron 
skip g, standing on a line of rails below, and is drawn away by a horse 
till it comes under a travelling gantry, which spans the triple track of 
rails shown. Then the skip is lifted off the platform lorry by a winch 
on the gantry, and its contents tipped into the moulds—standing out- 
side the rail track, after which it returns empty for another charge. A 
24 horse-power low pressure horizontal engine gives motion to the three 
mixing cylinders and to a long square shaft, extending down the supports 
of the elevated gantry road. This shaft has a bevil wheel sliding freely 
on it by which motion is communicated to the winch on the gantry, for 
lifting boxes to tip into the moulds, and finished blocks out of the moulds, 
when sufficiently set for removal. The blocks arc made in moulds arranged 
in sets of ten, (Fig. 1,) thus making each plank side (not an outer one) do 
duty for two moulds, as below; the outer planks (shown double) are the 
only moveeble parts—the remaining divisions being dove-tailed into the 
floor. The thickness of plank used is 24 inches. Jig. 2 shows how the 





eye-bolts to hold up the sides are attached, by screwing their ends through 
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a nut sunk in a slot cut in the thickness of the plank. Templates of wood 
are built into the moulds with the concrete, and being afterwards with- 
drawn, leave apertures for the insertion of the cramps used in securing 
blocks to each other in the work, and for fixing the lewis by which the 
blocks are lifted out of the moulds. The lewises are of the form shown, 
(Fig. 3,) two of them being employed to raise a 10 ton block. 

With the three mixing machines in full work, the out-turn varie from 
40 to 50 blocks per diem of 14:5 working hours, by piece work. The 
blocks remain seven days in the moulds. They are then stacked in the 
air for three months previous to use. 

Reclamation of Swamps.—The reclamation of water-covered lands is 
carried on simultancously with the completion of the canal channel, for 
the banks of the latter serve to protect the tracts to be drained, while the 
canal itself conveys away the water pumped off. 

The first operation after the swamps has been dammed all round, is to 
dredge a large central drain, its bed sloping towards the canal, and having 
its outfall in the well of the pump which raises the water. At right an- 
gles to this channel and delivering into it, anumber of V shaped trenches 
are cut at intervals of about 100 feet, the excavated stuff being placed on 
the spaces between them. These are dug after the water has been suffi- 
ciently drained off by the main channel to allow of laborers landing on the 
swamps. Incessant pumping is then carried on till the whole tract is 
drained to a depth some two feet below surface, when a crop of oil seed is 
sown. The digging of the minor drainage channels costs 1 franc per c. 
metre. 

The pumps used at first to drain the lakes are of the Archimedian 
screw type. Some of them having a diameter of 3:12 metres over the screw 
blade. ‘The pitch of the screw is made equal to its diameter, and the 
larger ones have three threads. DBothcore of screw and blades are of wood, 
the latter let into a groove cut on the centre post and their outer edges 
connected with hoop iron. The accompanying sketch shows how these 
wheels are mounted, the lower framing, in which the shafts of the screw 
works, being fitted with an iron gudgeon, is slung from a frame above by 
a chain, and the pump can thus be adjusted to accord with the water's 
level as it falls. With a view to equalise the quantity of water taken by 
the screw at different positions as regards verticality, the spiral of some 
of the screws has been made to taper towards its lower end. But this 
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‘appears to be a nicety of construction not productive of advantages com- 
mensurate with the extra trouble-in building. 





The top of the screw carries a bevil-wheel in gear with another on a 
horisontal shaft, driven by a belt direct from the engine. Thus, what- 
ever angle the screw may be at, these wheels are always in gear. 

The cost of raising water to a height of 10 feet by means of these pumps 
was 2 france per 1000 c. métres. 

As soon as the water has been sufficiently got under to allow of the 
foundations being got in, an engine house is built in each tract of reclaim- 
ed Jand, and engines and pumps fitted up for permanent use. The pumps 
are of the centrifugal class, driven by gearing direct off high-pressure 
engines, 

Miscellanea.—All crossings, both road and railway, over the Amster- 
damn Ship Canal are provided with swing bridges. Road Bridges remain 
closed to the canal except for passage of boats, and railway bridges 
closed to the railway exceptfor trains to cross. The traffic on the 
railways is small, so this system is not productive of inconvenience. 

All boilers employed on the canal works are fitted with injectors in 
place of the ordinary feed pumps. These appliances are also used to 


pump outphe dredger bargé' bilges. Seas 
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No. CLXVITI. 


STONEY’S DOUBLE-ACTING HELICAL EXCAVATOR. 
[ Vide Plates XXXIX., XL, and XLL] 


_— woe 


By E. W. Stoney, Esq., B.C.E. 








Wuew sinking the cylinders of the new Cheyair Bridge, Madras Rail- 
way, it was found that “ Bull's Dredge,” which excavated sand in the 
moet satisfactory manner, was powerless to excavate clay, kunker, and 
other similar stiff material met with. 

Many of the cylinders had to be sunk through twenty to forty feet of 
atiff clay, underlying thirty fect of sand, so that it became necessary to 
get some efficient apparatus to excavate this clay under water, it having 
been found impossible to pump the cylinders diy. Under these cirenm- 
etances the Author, who had charge of the worke, after some experi- 
ments, designed the Excavator shown in Platee XXXIX. and XL., and 
in Fig. 1, Plate XLI,: and subsequently, the more simple form shown 
in Figs. 4, 5,6, 7, Plate XLI. 

Description of Excavator. —This Excavator consists of a wrought-iron 
body, of the form shown in Plates XX XIX. and XL., and Fig. 1, Plate 
XLLI., from the bottom of which triangular portions are cul away at oppo- 
site side of the centre, the edges EE being so bent down, and sharpened, 
aé to form “Helical Catters.” 

In the sides of the body B, openings are left which correspond in 
positions with thoge in the bottom, the edges OC of these being alee 
sharpened to act as cutters. 

Turning freely within the body is a false bottom F (colored parplay, 
with sides, the whole being of such size and shape as to cover the apis 
ings in the bottom and sides of the body B, sd that an open or dded 
vessel may be formed at will, by merely timing the false bottom F inte 
as peg shown in Figs. 1,2, Plate XX X1XZ.: and Fig. 1, Plate SLL, 

and Fig, 1, Plate XL., respectively. 

To the false botéous F is riveted a bar K, baying sured Logis dentie, 
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above and below, circular plates a, 3, in which are square holes of suffici- 
~~ @nt sige to allow the rod BR to run freely. 

.  ‘Dhe lower circular plate 5, above described, turns freely in a correspond- 
_ ing hole in the bottom, and bar ¢ attached thereto to strengthen it (vide 
' Fige, 2, and 7, Plate XLI.); whilst the upper plate a turns in a circular 
hole in the guide bar L, which is bolted to the bady B. 

It will be observed that the false bottom F is thus left free to move 
through a portion of a circle, the extent of such motion being limited by 
angle iron stops V, V. 

The Excavator is suspended by three wrought-iron chains, the upper 
and lower extremities of which are attached respectively to a shackle §, and 
eye-straps H, H, riveted to the body B. 

The rope O, by which the whole machine is raised and lowered, is tied 
to the swivel T of the shackle 8. 

A modification of the form shown in Plates XX XIX. and XL., and 
Fig. 1, Piate XLL.; is illustrated by Figs. 2, 3, Plate. XLI.: in this only 
two stops V, V, are used, and the openings are larger than those in the 
former Figs. This form is most effective in very stiff clay, and is the best 
shape for small sizes under 2 feet 6 inches in diameter—it will probably 
be found the shape most generally useful. 

Another form of Excavator shown in Figs. 4,5, 6,7, Plate XLL, 
consists of a circular wrought-iron body B, without side openings, the bot- 
tom having two openings formed in it, the edges EE of which are bent 
_ down and sharpened to form Helical Cutters. Cutters C, ©, are also 
_ formed on the sides. 

Within the body B is placed a false bottom F (colored purple), without 
rides, of size sufficient to close the orifices in the bottom, arranged so that 
it may be turned to leave these orifices either open or shut, so as to form 
at will an open or closed vessel, as shown in Figs. 4 and 5, respectively. 

The false bottom F is turned by a bar K, riveted thereto, which has cir- 
colar plates a, 4, with square holes in them attached to it; these plates 
turn in corresponding holes in the bottom of the Excavator, and guide I: 
fixed ta the came; the extent of the motion of the bottom F being limi- 
ted by angle iron stops V, V, placed as shown in Figs. 4, 5, Plate 
ALL, againet which the bow K bears. The bottom is strengthened by « 
bar § under it, 

This form possesses great strength, and is so simple that it cannot 
easily be deranged in work. It is the best shape for large sizes, from 
§ feet to 6 {eet in diameter. The size may be regulated to suit that of 
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the well or cylinder to ba excavated, as in consequence of its being 
circtlar, and smooth on the outside, it may be made nearly equal in 
diameter to the well in which it is to be used, so that the whole area of 
the interior may thus be evenly excavated at once. 

The advantages arising from this wil] be readily appreciated by those 
who have had to sink wells through hard materials. 

The form of Excavator shown in Plate XX XIX. and XL., and Fig, 1, 
Plate XLI.; has been found that best snited to small sizes for working 
in stiff clay, or silt, while for large sizes those of the shape illustrated 
in Figs. 4 to 7, Plate XL1., are best. 

When working in silt, angle-iron or steel cutters affixed to the bottom 
of the small Excavators were found most uscful, as they disintegrated the 
material for the Excavator to take up. These cutters may also be used 
with advantage in kunker, which may be broken up by first tising the 
Excavator percussively as a jumper. 

Modes of using the Excavatar.—-The mode of using the Excavator is as 
follows :—A derrick pole is set up so that its head may come over the 
cylinder to be sunk, and by means of it and suitable tackle, the rod R, of 
such length as is necessary, is placed in the cylinder, with 1ts bottom rest- 
ing on the material to be excavated, and its top some ten feet over the 
cylinder top. 

Pulley blocks M, p, Plate XL., and Fig. 10, Plate XLL, are placed near 
the top and bottom of the derrick, through which a 5-inch Manilla rope 
is rove, one end of which is fastened to the Excavator shackel 8, Plate 
XL., while the other end O is carried to a crab winch. 

The Excavator is now placed on the rod R, opened, and allowed to ran 
down along the rod till it rests on the material to be excavated, at the 
bottom of the cylinder, as shown in Figs. 1 and 2, Plate XXXIX. 

The guide piece D is then placed as shown in Figs. 1 and 3, Plate 
XXXIX., and the handle X having been put on, the rod ia turned four 
to six times round in the direction in which the hands of a watch move, 
which fills the Excavator; the handle is then turned in the opposite direo- 
tion till the false bottom F comes into the position shown in Fig, 1, Plate 
SUL, and Plate XL, which thus closes the Ezearator. 

When working in stiff clay, the Excavator handle requires a few smart 
jetku back and forward to close the Exeayastar, as a steady ptsh exanot 
ent thirongh the clay it holds y 

After the Excavator has been closed, if is raiaed by meane of the rope 


PLATE XL. 
STONEY'S DOUBLE ACTING HELICAL EXCAVATOR. 


Scale 2 feet = 1 tack. 
> 





, 


i 


« 
vom gy R 


STONEY'’S DOUBLE-ACTING HELICAL ExcavaToR,* = 807. 


O and crab winch, till near thetop of the cylinder; when the guuide D and 
handle X are removed, and the raising continued to a sufficient height to 
allow of the barrow W being run under the Excavator, which is lowered 
thereon, opened, and its contents discharged therein (vide Fig. 1, Plate 
ALL, and Plate XL.). 

As soon as the Excavator has been emptied, it is raised clear of the 
barrow, which is then ron into the position shown in Figs. 1 and 3% Plate 
XXXIX., and its contents thrown out over the side of the cylinder, and 
while this is being done, the Excavator is being lowered ready for the 
operation just described being repeated. 

The different forms of Excavator illustrated are worked in a precisely 
similar manner. It is not necessary to use a barrow, but it has been 
found convenient to do so when working with a length of rod over the 
top of the cylinder. 

When it is found desirable to work with a short length of rod, or when 
the top of the rod sinks below the cylinder top, the use of the barrow may 
be dispensed with, and the Excavator raised off the rod each time, and 
discharged over the side of the cylinder in which it is being used. 

A small flap valve w, Figs. 2 and 7, Plate XLI., of iron, falling by its own 
weight, closes the square hole in the bottom of the excavator as soon as it is 
raised off the rod, and thus prevents the escape of excavated material from it, 

When a derrick and crab winch cannot be placed on the river bed, they 
may be placed on suitable staging, fixed on the well top or on temporary 
piles, so that the Excavator may be worked in each particular case in the 
most advantageous manner. 

Size and capacity of Excavators.—The sizes of Excavators used at the 
Cheyair Bridge, with their weights, capacity, &c., are given in the annex- 
ed Table :— 

Table of Excavators used at Cheyatr bridge. 





Height; Cabioc 
; Diameter of of contents | Weight in lbs, 
Description of Excavator | Excvtr,| inside 


REMARKS 


feet | incties inches | cub feet | Empty | "lay of 











” 


STONE Y'’S DOUBLE-ACTING HELICAL EXOAVATOR. : 309 


sine which would keep straight, and sufficient to resist the torsion to 
which they were subject. Rods of various lengths, from 40 to 80 feet 
all in one, were used, made up of 12 foot bars welded together. 

No difficulty was experienced in getting rods up to 60 feet in length 
raised with the derricks, and putting them into the cylinders, but when 
they exceeded this length they became troublesome to handle. 

The Author hac, however, recently designed a joint of stcel, (of which 
Figs. 8 and 9, Plate XLL., are illustrations of the bottom and underneath 
rod joints,) which does away with inconvenience arising from the use of 
long continuous rods; and jointed rods may now be made in sach lengths 
as may be found best euited to the excavations in hand. 

It will in general be found convenient to use a rod consisting of a 
bottom length 15 to 20 feet long of 24 inches square iron, with inter- 
mediate pieces 30 fect long of 2 inches square iron enlarged at the joints 
to 24 inches square ; as shown in Figs. 8 and 9, Plate XLI.; some short 
lengths of 10 teet or so being provided as adjusting pieces to keep the 
top of the rod at a convenient level over the cylinder top. 

These joints, though somewhat troublesome to make singly by forging 
and fitting, can be produced readily, if required in numbers, of erucible 
cast steel. 

When arod exceeds 40 feet in length it should be suspended by a swivel, 
as shown in Plate XL., and Fig. 5, Plate XXXIX,, as by doing so it is 
relieved from the bending stress thrown on it by its own weight which now 
keeps it straight, and so allows the Excavator to run frecly up and down it. 

It has not been found necessary to suspend continous rods 40 feet or 
under in length, though when they are jointed it is desirable to do so, in 
order to relieve the joints from bending strain. 

Swivel. The construction of the swivel is shown clearly in Plate XI.., 
and Fig. ‘6, Plate XXXIX.—it is secured to the Excavator rod by a 
taper pin, which fits so that it may be readily knocked in or out. 

The rope O attached to the swivel U (which may have a swivel in 
it to allow of its turning more freely) is passed through the sheave M 
of the triangular double block, Fig. 10, Plate XLI, and then tied to the 
bane of the derrick or crab. 

The Excavator Rod can be raised and lowered, and its position changed 
whan desired, by passing this rope round the crab winch barrel, 

By the uve of triangular block, such as is shown in Fig, 10, Plate 
XLI, the rope by which the swivel and roé R is suepended is kept 
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apart from that attached to the Excavator, and so kept from gettigg in 
twist with it. 

Ercavator handle.—A. very simple and efficient handle for working 
the Excavator, designed by the Author, is shown in Figs. 8 and 4, Plate 
XXXIX. It is made so that it grips tightly the rod R, and can be 
rapidly put on or taken off. 

Its construction is clearly shown by the elevation and horizontal section 
in the Figs. quoted, and it is used in the following manner :—— 

To pat it on, turn up the catch Q, as in Fig. 3, 80 as to allow the handle 
to be slipped on the rod R, then turn the catch Q down till it rests 
on the stud bolt d, of which P is the nut, and turn this nut by means 
of its handle, so that it may squecze the catch Q tightly against it. 

The handle can be taken off by unscrewing the nut P, and lifting 
the catch Q. 

The whole operation of putting on and taking off the handle can bo 
thus effected in a few seconds. 

It will be seen that the handle possesses several advantages over the 
forms ordinarily used, which will be appreciated by those who have had 
to use them. : 

let. It is self-contained. 

2nd. Thepe are no loose parts which can be lost like the nuts or stud 

bolts of ordinary handles. 

8rd. It requires no key, pin, or wrench (liable to be lost or mislaid), 

to screw it up. 

Barrows.—The construction of the barrow W is simple, and is clearly 
— in Figs. 1, 3, Plate XXXIX.; Fig. 1, Plate XLI.; and in Plate 


February, 1875. E. W. 8. 


Working drawings, with directions for making these Excavators, a6 aleo foll information about 
them, will bo supplied by the Inventor to any person desiring to makeacel nec them. 

The Roynlty should be paid to Mesures, Arbuthnot & Co., Bankers, Madras, the Inventor's Agents 
by whom revelpte will be given for suth payments 
rena may be addremmei to W. Btoney, CE, Madraz Railway, Chict Engineer's Office, 
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No. CLXIX. 


CIVIL BUILDINGS—-AMRITSAR. 
{Vide Plates XLIL, XLII, XLIV.] 


Designed and commenced by J. Gorpon, Esq., C.E., and completed 
by Rat Kunuya Lat, Assoc. Inst. CL, Exec. Engineer, Lahore 
Division. 


Note by W. Purdon Esq., C.E., Supdg. Engineer, 8rd Circle, Punjab. 


Tun design for these buildings was made by Mr. John Gordon, O.E., 
Exec. Engineer, the foundations and a portion of the superstructure were 
completed when I assumed charge of the 3rd Circle of Superintendency, 
which included Amritsar. Messrs. Harington, Smithe, and Lyons, were 
all for a short time in charge of the Station, and some portion of the 
buildings were erected under their charge, but Rai Kunhya Lal, Exec. 
Engineer, carried out by far the greater portion. 

The style of architecture appear to me to be scarcely well suited to 
this climate, as it affords so little shade, while the solid character of the 
verandahs tends rather to retain the heat, nor can the cornices and 
ornamental portions of this style of architecture be satisfactorily carried 


out in brick masonry. a 


The Civil Buildings at Amritsar, represented in the scoompanying 
Plates were designed and commenced by Mr. J. Gordon, Exec. Engineer, 
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and carried on vigorously by Messrs. Harington, Smythe, and Lyons, 
and completed by me in November last. 


They contain the following accommodation :— 


Length, Breadth. 
Town-hall, ee on oe os re es 79 10° >¢ 28° 38° 
Museum, es e ea ae Ss ~~ «= 42" BY” ye:«28' 8B” 
Smal) Cause Court, re oF “ Pe os 56’ 6° x 42’ 5° 
City Magistrates’ Court, oe oe oe «. 83° 10° x 28' 8" 
Police Office, a i ae ee a -» 88' 10° x 28' 8° 
Municipal Office, a at c es e» 88' 10° x 28' 87 


Two wings for city police, with lock-up, each wing measuring 1033’ x 62’ 
outside. 

The style of architecture is “Italian,” and the buildings are con- 
structed as follows :— 

The masonry throughout is of the best burnt bricks, laid in good 
lime mortar ; the outside being fine dressed, and the inside pucka plastered. 

Floor of town-hall is of red sandstone, and the rest of the building 
has pucka tile floor. 

The doors are of well seasoned deodar wood, made of neat pattern; 
those of the town-hall being fitted with stained glass. 

The main rooms have a slate roof, supported on neat and strong 
deodar wood trusses, and the rooms in the wings have flat terrace 
roofs on deodar beams, kurrees, and bricks. The verandahs all round 
are arched without-any tie-rods. 

The upper glazed windows of the building are fitted with venetians 
outside, to keep out heat and rain, &c. 

The main entrance to the building is through the central passage, 
which is surmounted with ornamental turrets of fine brickwork at each 
end. 

The drainage from the roof is carried through pipes inside the walle, 
which empty themselves into large drains at the foot of the steps on 
both sides of the central passage. 

The space round the building is metalled with kunkur and sloped 
outwards, so as to lead all rain water away from the buildings. 

The total cost of the buildings is Rs. 1,72,034, detaila of which, 
showing the quantities of work, and the actual working rates, are given 
in the annexed Abstract, 
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Abstract of Cost of Civil Buildings at Amritsar. 


e. ft, 
Pucks masonry in foundation of buildings, 39,454, at Rs. 
61.690 18 per 100, .. oe oe 
: Packa masonry in plinth of balling, 22,174, . Rs, 18 
per 100, ae ee ee ee 
12,826 Extra work in foundation, at Ra 18 ae 100, os a 
224,790 Masonry in plinth of facade,dressed, 23,159, at Rs 83,per 100, 
Pa superstructare, 2,01,631, at Rs. 33, per 100, .. 
B. 


21,990 Arched roofing, at Rs. 48 per 100, .. os “ a 
c. ft, 
95,438 Earthwork under hil at Rs. 6 per 1000, .. ae oe 
s. ft. 

774 Fiat roofing aaa 12 ft. span, complete, at Rs. 84 per 100, 


Details of above Roof. 


78 6” c. tt. deodar wall plates and eae at Rs. 15 per 


foot, , «+ oe . o- -- Ks 78 

82 6’ c. ft. deodar beams, at Rs. 1 10 var foot, se » 134 

“ 774 8, ft. roof covering, at Ra. 7-2, per 100, oe gS 
” 262 

8. ft. = 


8,594 Flat roofing under 20 ft. span complete, at Rs. 49 per 100, 


Details of above Roof. 


1502'11* c ft. deodar beams, at Rs. 1-10 per foot, Rs, 2,442 
128' 7° c. ft. kurrees and wall plates, at Rs. 15, » 1,154 
8594 8s. ft. roof covering, at Rs. 7-2, per 100, ee » 613 

» 4,209 

s ft. a 


18,882 russed roof, complete, at Rs. 100 per 100, ei = 


Details of above trussed Roof, 
1886' 9° o. ft. deodar wood for trusses, at Rs. 3-8 per 
foot, wae ae os oe »- Rs. 6,604 
587' 6” c. ft. deodar battens and wall Slated at Rs. 15,... ,, 504 
1,111 ¢ ft. deodar planks, at Rs. 2 per foot, .. os pp yeas 
18,882 s. ft, slate covering, at Rs. 380 per 100, «ey» 4,000 
» 19,580 


11,093 


313 


a 
a 


2,218 
74,181 © 


10,555 0 0 
5738 0 0 


2038 0 0 


4,211 0 0 


18,382 0 0 


. Carried forward, ee 128,547 0 0 


314 


23,492 

2,816 
42,948 
86,214 
48,271 


2,892 
8,398 


9,286 
1,976 
811 


e. ft. 


r. £8. 

228 
s. ft. 
$6,421 
e. ft. 
96,045 
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Broaght forward, 


Flooring, fine brickwork, at Rs. 22 per 100, oe 
stone, at Rs. 40 per 100, = ee oe 

Plastering snail soon at Rs. 4 per 100, .. ee 

White washing and coloring, at Ra. 0-12 per 100, 


Plastering large rooms, including moulding, at Re, 8, 


Cornices of large rooms, at Rs. 80 per 100, a 
Cornices of small rooms, at Rs. 50 per 100, on 


Glazed doors and windows, at Rs. 1-12 as foot, 
Venetians, at Ra. 1-2 per foot, oe oe 
Iron grated doors and windows, at Rs. 2 aes ‘feot, 


oe 


Details of above iron grated Doors and Windows. 
Bars and rods of iron 84 mds. 13srs, 8chit. at Ra, 17-8 


per maund, ee ee ee oe eo Ra. 


Of woodwork for window frames, at Rs. 1-4, = 


Ornamental balustrades, at Rs. 2-8-5 per foot, + 
Varnishing woodwork, at Rs. 3 per 100, «+ ee 


Filling in and levelling hollows with ballast, at Rs. 
per 100, oe ae ee ee 

Stained glass for town-hall and sciasauitl, ae 

Ornamental turrets and vases, at Rs. 1,000 each, .. 


Contingencies, ee ee 
Compensation for land, eo ee 
” for approaches, oe 


Grand total, Re., 


Lanore, 
May, 1878. 


611 


10 
621 


ED 


o@ 


RS. 
1,268,547 


5,168 
1,126 
1,718 

647 
3,462 


2,818 
1,699 


16,168 


2,298 
622 


576 
1,092 


8,361 
1,000 


2od6cco oF 
oo eoo 0 Oo o 


— =| 


0 
0 


eo;9o 


0 
0 


2,000 0 0 


1,59,596 0 0 
L777 4 6 
8,644 0 0 
017 0 0 
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.. 1,723,004 4 6 
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No. CLXX. 


A NOTE ON THE “POSITION OF THE NEUTRAL AXIS 
IN A BEAM SUBJECTED TO TRANSVERSE STRAIN.” 


By Masor C. A. Gooprettow, R.E. 


Dated Carwar, 6th July, 1875. 


THe generally accepted theory, from which the formule commonly used 
for ascertaining the proper dimensions to be given to a beam subjected 
to cross strain are deduced, assumes that the neutral axis passes through 
the centre of gravity, and these formule are preferred to others deduced 
from experiments on crossbreaking, sometimes disparagingly called em-_. 
pirical, ay more scientific and accurate; these former formule however 
only profess to be true so long as the limit of elasticity is not passed, 
and it is assumed that this limit is not passed in the ordinary cases which 
occur in practise, such as a bridge joist, or roof timber, where the material 
is strained to about ,j,th of breaking weight. 

In the ‘Building News,” dated 16th April, 1875, there is a paper on 
. the ** Position of the Neutral Axis in a Bent Beam”, which explains the 
generally received theory on this matter; it is stated, ‘theory shows that 
when the beam is perfectly elastic, and the bending forces are normal to 
-the axis, and the material is not strained beyond the elastic limit, the 
‘neutral axis passes through the centre of gravity of the transverse sec- 
tion. Experiments have confirmed theory in this regard. But after the 
limit: of elasticity is reached, and the ultimate strength is approached, 
theory. failé to indicate its true position. The experiments of Barlow and 
“others long sinee showed that the theory of flexure does not apply to 
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rupture; that is, hypotheses, that the neutral axis is at the centre of the 
transverse sections, and that the strains are directly proportional to the 
distance of the elements from the neutral axis, when applied to the 
strength of beams, do not give correct results”: and further on, in the same | 
paper, “the neutral axis must move from the centre as the ultimate 
strength is reached": the proof of this is then proceeded with, and the con- 
clusion come to is that, “‘ the law of internal stress is so complex, and the 
position of the neutral axis so indeterminate, in a condition bordering on 
rupture that no satisfactory theory has been established for the ultimate 
strength of a beam. This, however for practical purposes, is not to be 
regretted, since the load should not strain the material beyond the elastic 
limit”. That is, the writer of the paper, while admitting, that the formulsx, 
on the assumption that the neutral axis passes through the centre of gravi- 
ty, are not true, when the limit of elasticity is passed, holds (but without 
defining that limit) that they are good for practical purposes. To quote 
now from Sir W. Fairbairn’s “ Researches on the Application of Iron to 
Building,” edition of 1870, page 50; “ we have already observed that Tred- 
gold and others, who have written on this subject have stated, that what was 
called the limit of elasticity attained by a transverse strain, was one-third 
the breaking weight, or in other words it did not take a permanent set, with 
less than that weight. Experiment by both Mr. Hodgkinson and myself 
have shown this to be an erroneous conclusion, as we found the elasticity 
injured with one-tenth, and as low as one-twelfth the breaking weight : 
with these comparatively slight loads a permanent set was observed which 
was never again restored”: and further, on page 58,.. . . “ Mr. Hodg- 
kinson’s experiments, as well as my own, ead to this conclusion, and I have 
no doubt that any load (however small) producing a permanent set upon a 
bar, will, if taken off and replaced a sufficient number of times, eventually 
break it”: and Rankine, when speaking of Perfect and Imperfect Elasticity 
(page 27, Applied Mechanics), and explaining what is meant by the limits 
of elasticity, does not define these “ limits”, or the relation between the 
breaking weight and the least weight producing a permanent set. ‘A 

Now, in all ordinary cases, such as the bridge joist or the roof timber, 
precisely those conditions which Sir W. Fairbairn’s and Mr. Hodgkinson’s 
experiments go to show will produce a permanent set and also ultimately 
emuse fracture, do exist; the timber is. strained to about +,th of its break- 
ing weight, and there is continual increase and diminution of pressure ; 
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in the case of bridge joists, from the passing loads, and in the roof tim- 
ber, from. the ever varying wind pressure; so that it would seem that the 
limits of elasticity are sensibly passed in all ordinary cases; and if so, it 
follows that the formule for cross strain, of the theory which assumed the 
neutral axis:to pass through the centre of gravity, are, at the least, not 
accurate, and in some cases may be very misleading: it would moreover, 
seem more logical and fair in an abstract investigation, not to assume 
that any substance which is known not to be perfectly elastic is practica- 
ly so up to a certain point, only because its elasticity is not sensibly affected 
by the weight applied; no stress, however, need be Jaid on this if Sir W. 
Fairbairn’s and Mr. Hodgkinson’s experiment’s are to be accepted. 

The formule deduced from the theory of the assumed coincidence of the 
neutral axis and centre of gravity have, moreover, this disadvantage. 
The tensile and compressive strains, in a beam under a cross strain, are 
by no means applied in the same way as in the experiments for resistance 
to crushing and tension; whereas in the formula deduced from experi- 
ments on cross breaking, the beam in work, is strained just as was the 
piece of material experimented on to obtain the modulus of rupture; 
which, as Rankine says, page 252, “Civil Engineering,” “does not always 
agree with the resistance of the same material to direct crushing or direct 
tearing, but has a special value which can be found by experiments in 
cross breaking only ;”* a constant so obtained should not of course be 
used in formule which assume the neutral axis to pass through the centre 
of gravity. 

If there is any force in the above reasoning, it would seem that the 
formule obtained from experiments on cross breaking, in which no assump- 
tion regarding the position of the neutral axis is made, are the more 
reliable, and the use of which in fact causes no discrepancy between theory 
and the results of experiments, other than perhaps is caused by the since 
scale of most experiments. : 

Tn the 1871 edition of Tredgold by Hurst, page 119, it is stated leases 
| that “ the position of the neutral axis varies for each description of wood | 
owing to the different degrees of resistance to tension and compression ”, 
No proof of this i is given, and it hardly seems likely that it is precisely so, 
| *. What, is meéant by the remark made in fhe paper in the “ Building News” above quoted, vix., . 
“ that the modulus of rupture is determined only by experiment on the hypothesis that the axis 


remains at tha‘ centra ‘ie not clear; the gist of the paper is to show thad «the neutral aie, seven 
from the centre se the ultimate strength is renched.” 
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owing to the different way in which the tensile and compressive strains 
are applied, in a beam in work, and in the experiments for tension and 
compression; and also owing to the difference of the distances from the 
neutral axis to the compressed and extended surfaces: that the position 
of the neutral axis, for any load, varies somewhat, but not directly, as do 
the powers of the material to resist tension and compression seems highly 
probable, though to prove where it lies is a problem that has not yet been 
solved, or at least the solution of which is not generally known; it is not 
apparent that practically this is of much importance, though it is import- 
ant that it should not be assumed to be where it is not. 

A series of careful experiments on cross breaking, on a large scale, ¢. ¢., 
with beams of large scantling, would be more useful than an exact know- 
ledge of the position of the neutral axis. 

C. A. G. 
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WEIGHT ON FOUNDATIONS OF BUILDINGS IN 
BENGAL. 
[ Vide Plate XLV.] 


Hztract from the Narrative Progress Report of the Government of 
Bengal, P. W. Department, for the year 1873-74, by H. 
Leonarp, Esq., MM. Inst. C.2., Offg. Chief Engineer, Bengal. 

BD pe ee oe ee ag 7th May, 1873. 

Taoves few, if any, of our buildings in Bengal have fallen, many of 
them cracked, some of them badly. On commencing several new build- 
ings in Calcutta last year, we naturally considered the question whether 
we could do anything to prevent bad cracks and settlements. The cause 
of both settlements and cracking seemed to be the compression of the 
soil under the buildings, and taking this view of it, the question arose, 
what is a safe weight to put on this Bengal alluvial soil without causing 
serious disturbance of it? Finding nothing at all reliable on the subject, 
we decided on making a small series of experiments at Akra, where faci- 
lities were available or near at hand. 

Weight on foundation-bed.— Series No. 1 gives the result of the 
trials made. Thescale on which they were made was not a mere toy scale, 
the piers of masonry dealt with, were such as might be used on real work, 
and though the results may not be an infallible guide, they certainly do give 
definite information ; they show beyond doubt that with a weight of one 
ton to the square foot,the compression of the earth is very small; in fact, 
what might be due to disturbance of the surface in opening the founda- 
tions; while with two tons to the foot, sinking is decided, quite enough 
to cause bad cracks. If one part of a building were built with a load of 
-one ton to the foot, and other parts with a load of two tons to the foot, 
the building would certainly crack; and if other parts were built with a 
weight of three tons to the foot, there would be very bad cracks, . : 

I consider that safe conclusions to draw from the results of the 
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experiments are these. If it be desired to provide against sinking of. 
the whole structure, the weight per foot on the earth, what: ver may be 
the depth at which the foundation is laid, should not be more than one 
ton per square foot; and that, if unequal sinking-cracks are to be pro- 
vided against, the weight on all parts of the foundations should be equal 
per square foot; unless that the most heavily loaded portion car.ies less 
than one ton per square foot: with this weight, and of course with 
lighter weights, no perceptible compression takes place, and hence no 
unequal settlement would occur from unequal loading. 

Depth at which Foundations may be laid.—The next point for 
experiment was,—at what depth is the soil best fit for building on? We 
had trials made at depths of two feet six inches,—that is, just below the 
usually disturbed soil; at four fect, where the true alluvial deposit was 
undisturbed: at ezght feet, where a different though not better soil was 
touched; and at eleven feet, where the soil was wet and soft, All 
through this series, the effects of weight per foot considered in the above 
paragraphs were kept in view. Series No, 1 gives also the results of the 


experiments. 
SUMMARY. 





MAXIMUM SINKING, 
WITH WEIGHT PER 
Depth of foundation below sur- SQUARE FOOT OF Remarks, 


No. face of the ground. 








1 ton | 2 tons | 8 tons 








Sinking. 
inch. , inch. } inch. 


2 feet 6 inches, a. eos vy 231 7% | 





1 

2 4 feet, een eee 4oe0 pat ] Byy 
8/8 » Tre Ceo ee ee eee er 
4/11 ,, sie ade coe | log 84 | 74 {Exclusive of ditto, 


Including the weight of 
brickwork. 





The conclusions which may be drawn from the results of these 
trials are not so clear as they are in the case of the weight on founda- 
tion; but it is evident that shallow foundations have the disadvantage of 
being affected by climatic influence, as heavy rain caused the masonry 
laid at a depth of two feet six inches below the surface to sink consider-. 
ably. Again, it appears that foundations laid at a depth of eleven feet. 
below the surface, sink more than those laid at depths of four feet and 
eight feet. This is difficult to explain. It may be that, when the 
foundations are opened to a depth of eleven feet, the bottom, relieved of 
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Forth Btountion Seale 1 inch wm: 8 feet 
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such a weight of earth, “blows up” a little, though hardly perceptibly, 
and the first effect of weighting it is to force this blown-up surface down 
to its original state, but that, when thus pressed down to what it was 
before the earth was removed from it, it may bear pressure as well as the 
earth at smaller depths. The conclusions which I am inclined to draw 
from the experiments are these :—The foundations of important buildings 
should be laid so deep that they cannot be affected by climate. The ground 
if undisturbed, is as good at a depth four feet below the surface as it ig at 
greater depths, and it is about the same up to eight feet deep. I would 
lay it down as a rule, that in undisturbed alluvial soil, foundations of im- 
portant buildings should not be laid at a less depth than four feet, nor at 
a greater depth than six feet. 

Strength of Spread Foundations.—Having settled on one ton 
to the square foot as the weight to be carried on the soil, it became 
necessary to spread out the foundations a good deal to get the area re- 
quired, and then the question arose, at what angle should they spread, o 
what depth of masonry should there be at the weakest point? Some 
sections of foundations which I saw, seemed to me to be too weak. In 
order to help to settle the question, I had the experiments Vo. 2 Series 
made; the result may be practically stated thus,—for a pressure of one 
ton to the foot, on Bengal soil, the thickness at the toe of the slope 
should not be less than one foot six inches (see record of experiments) 
and the stepping at an angle of not more than 45°. I take one foot six 
inches, because with a thickness of nine inches, the projections broke off as 
shown in Figs. 1 and 2 of the Plate, while with a thickness of one foot nine 
inches, no symptoms of weakness showed, even when the work was fresh. 
With good masonry, of mortar which will set in damp or wet, I feel cer- 
tain that the dimensions given above are enough; but with bad masonry— 
bad from whatever cause—considerably more strength should be given. 

I think it likely that this question of footings breaking off has not 
been sufficiently attended to; the result of such an occurrence can be 
seen by looking at Fig. 1 of the Plate where, instead of an area of twelve 
feet, that is, the width of the footing by two feet long to rest on, the area 
is reduced, by the outer sides breaking off, to less than half; that is, to the 
width between the cracks by two feet; and instead of a weight of one ton 
per foot on the foundation soil, we should have a weight of over two tons, 
which means a subsidence of two or three inches, and cracks of ae 

he same width. | | 
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Fires? 
Experiments made at Akra for the purpose of testing what weight the 
senis Lower Ben- 
TIRE F Els 
3% i ry | 3. & lw z 
1 a: 4 a8 Materials. be fo Si la i ; 

3s 

E ES 3 : B 
ft. in. ft. in. | ft. in. lo. ft. tons. owt. qr. ts. | 8. ft. | days 
#1} 1 4/8 23) 2 11}! Bricks with mor-| 30:88; 2 8 0 8] 10°29] 6 

square. tar, two of soorkee 
to one of lime, 


{2/2 6/38 24°86 0§' Ditto ditto, _ 51°39, 2 6 1 94 10°29) ... 


8/2 6/8 2) 5 0% Ditto ditto, | 51:89; 2 6 1 9 | 1029... 


4,2 6;8 24;)5 O} Ditto ditt, | 5189; 2 6 1 9 | 1029)... 


5/4 0;23 93/5 9] Ditto ditt, | 4212} 117 212 776) wee 


® The object of this experiment was to ascertain whether the ground under the masonry alone is 
t The object of this, and the eleven following experiments, is to show the compression of the soll, 
¢ The frame carrying the load was supported by scrow-jacks a cla 
bear on the masonry. 
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ordinary undisturbed alluvial soil of Calcutta, which fairly repre- 


gal soil, can bear. 





rent extating | | er oh 

exolu per aq. ft., 

weight of pier, sarap weight 
pter. 


tons. cwt. qr. bs. | tons. cwt. qr. Bs. 
41 0 0 0 


10 7 8 8 1 4 2 20:3) 
2014 219{ 2 4 8 56 
81 12 8; 8 4 $172 
716 2 21 1 5 0 43) Ist 


a eT TT enna 


4 8 81388) Ist 
2nd 


RESULT OF 
LOADING. 





an 


iy 
8rd Bf 
Ist ve 
2nd i 
3rd V3 v7 
1st 1 
2nd 13 
8rd 14% 
4th 1} 
5th 2 
6th 2} 
7th 2k 
Ist I 
2nd bt 
8rd 5} 
4th 5} 
5th ory 
6th Ios 
7th Its 
8th Not 
_ (measured 

9th 

10th qi 


3 
Té | Immediately on lo 
jacks 





REMARKS, 


The pier sank 8§ inches with this load 
by compressing the ground on which 
it stood ; the surrounding ground -vas 
not visibly disturbed, except for a dis- 
tance of about 2 or 3 inches immediate- 
ly in contact with the pier, which 
seemed to be caused by friction on two 
sides, the load being slightly in exoeas 
on those sides. 

From this experiment it would appear 
that only the ground under the mason- 
ry sinks, the surrounding ground not 
bears disturbed to any appreciable ex- 
ten 


Immediately on lowering screw-jacks,t 


On lowering screw-jacks. 


Ditte ditto. 


Very heavy rain fell on the night of 
the 4th 


Tho sinking of this block is consider- 
ably more than in experimente which 
were 4 feet and 8 feet, respectively, be- 
low the ground level; a good deal of 
rain fell during the time this experi- 
ment was in Lata, rere and the soil to 
the depth of foundation was no doubt 


4 saturated. 
716 | It shows fairly the danger of shallow 
foundati 


Ons. 


_ the screw- 
. No farther ig took place 
with this weight for a space of seven 
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compressed, or whether the compression extends for some distance round the foundation. 
at different depths and under different weights. 


loading ; when the desired load was on, the sorew-jacks were lowered, and the load was brought to 
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6 {4 0/2 93/5 9 |Bricks with mor-| 42:12} 117 2 12 776)... 
tar, two of soorkee}. 
to one of lime. 
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Beeule or 
ADING. 
bibs et 
Load, exoluding ” ; 
weight of pier. | incheding weight | REMARES. 
af pier. a | 
A wa 
tons. cwt. qr. bs. | tons, owt. qr. ths. 
1510 822| 2 4 817-4| Ist 15 
2nd 4 
3rd 4-8. 
4th + | No further sinking took place. 
28 5 O 24 8 4 8 5-2!) Ist 1} On lowering screw-jacks. 
end of 
Ist 28 
8rd 3 
5th 3} No further sinking. 

The Executive Engineer states—“* heavy 
rain fel during part of the time of the 
last loading by which the ground was 
flooded, and most probably water per- 
colated to the foundation. This, com- 
bined with very strong wind blowing 
from the south and east, caused the 

1 9 1 225] Ist 3 Mo sinking was obese of ee hee ‘the 2nd 
2: : o sin as o 
ne 80-20 : 16 to the “ith day. 
2013 0 83| 2 9 2 59 Ist 1s 
| 2nd 2 
C3] 
érd } 
4th ik 
5th tt 
6th 4+} 
7th 44 
8019 $14 38 9 217-4) 1st 14 The result of this experiment tends to 
1st ly show that the bearing power of soil at 8 
feet depth is no better for light weight 
3rd 143 | than at 4 feet, but for heavy weight it 
11 seems to bear more, 
4th te 
5th 1} 
6th 1} 
7th lj 
11th 133 
10 7 327} 1 12 8 Ow Ist Nil On lowering screw-jacks. 
end of. 
2nd {x | Bxtra load put on to make the weight 
8rd ve equal to a ton to the foot, exclusive of 
E brickwork. 
4th sua 
5th 
8th In this, and the two following expert. 
9th ment4, the foundation carried more 
10th 1’ in the experiments. Sip poet even 
rath | 1" | SRYabatl of Voting ea a fe 
18th ly's | than at4 or 8 
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6 9 0 8 1029) .. 


12 11 Of; 3 23114 03{Bricks with mor-| 144-68 
tar, two of soor- 
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lime. 


18 |11 Oj] 8 23114 0} Ditto ditto, | 14463 6 9 0 5 | 10°29) 


14%} 4 0/210) 7 44\Third class Akra; 69°20) 212 8128] 808] 15 


square bricks with mortar 
com of two of 
soorkee to one of 

lime. 








' The object of this experiment was to ascertain if 
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RESULT OF 
LOADING 
Load, excluding Weight : 
weight «| éndtuding eae rd a REMARKS. 
of pier. 8 i 
w 
tons. cwt. -qr. be. | tonsa. cwt. qr. ths. 
2017 023; 2 18 0 95 14” =| On lowering screw-jacks. 
Ist 8” ' 
2nd 8” 
3rd 8” 
4th | Sanday 
5th 3} 
6th | 325 
7th 83°5 
_ 8th 3x5 
9th 
31 4 0 6/| 8 18 0 205} Ist 33” | Ditto ditto. 
2nd {| 6td 
3rd | Sunday | 1 think the greater sinking in the case 
4th 6} of this pier may be explained in this 
15 way. Atadepth of 11 feet, the ground, 
5th 64@ | which gets soft, rose before the load was 
6th gis put on, and hence snnk more when a 
7th 7 }@ | gain under heavy pressure. 
8th 7 
‘Sth 71's 
10th | Sunday 
Lith 7k 
12th not 
measured 
13th 7k 
14th 712 
14th 743 
15th | | 742 
16th rs 
17th | Sunday 
18th its 
lst $ |The pier loaded with one ton per foot 
ee ee 7th 2 was left standing for three moniba, bat 
§ no further sinkage than what waa re- 
14th TE | oorded on the Mth day was discovered 


during the remainder of the time, 








without adding weight sinking oocurred from long standing 
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Plinth of pier 


9' 24" x 1’ 
2° x 2 


BUILDINGS IN BENGAL. 
Sxcoxp 


To test the Strength of 















ev 
& 3 & 4 Quality of pricks and 
gam * proportions of ingre- Total load. 
o 
SEES dient. . 
B25 fo 
a | < 


tons. cwt. qr. Tbs. 


19 days. |Ist class Akrabricks| 12 1 QO 14 


and mortar com- 
posed of two of 
goorkee to one of 
lime. 


Ditto, 20 18 «1 1688 





4' 6° \8 months 
& 2 days 
old. 
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Splayed Foundations. 


Seen oN Meche Oe SIRT ee en Sd ae ee RT a ee eT ee 
3 
; i Remarks. 


(|The pier was constracted on the natural soil and loaded at the rate of 1 ton 
38} ths. per square foot. 

| On lowering the serew-jacks, 2 bricks and 17 mortar joints on the north, and 2 

bricks and 9 mortar joints on the south, cracked, and as the load preponder- 

atod more on the north side, the wall on that side sunk about half an inch 


ee 








a in the centre, and was 2 inches out of plumb. 

| 2nd day it was scen that the former cracks ou both sides became wider by 1 
2] brick and 2 mortar joints on the north, and 1 brick and 14 mortar joints on 
g the south, side. 

S | 8rd day. Sunday. No observations taken. 


4th day. No further cracks appeared, but the former ones became rather 
wider. Additional load of quarter ton per foot was put on, when the pier 
sank about ¢ inches on the sonth side, 

| If concrete were added, of conrse it would be stronger, but this was to test the 

(| strength of the masonry, not of masonry and concrete. 





{ {Experiment on splayed foundation wall baving a footing of 6 inches in depth 
and off-sets being at an ungle of 45°, 
With 4 ton load to the foot, which remained on one hour, no perceptible dis- 

turbance. 
‘With 4 ton to the foot no percoptible disturbance. 


ee 


a ” , 
7 ] : to the foot, which remained on all night, 18 hours, nothing percep- 


tible. 
» 1} ton to the foot, one hour on, the wall slightly sunk in the ground, no 
disturbance in the brickwork. 
» Lh ton to the foot, one hour on, slight cracks appeared in the wall, marked 
a on the elevation. 


- » 1% ton to the foot, the former cracks became wider and additional cracks 
ic d in the wall took place, which are marked 4 on the clevations, The cracks 
mI in the two lowest courses were about three-quarter inch in width. 

rs | |The wall sunk about half » brick in the ground, settlement being fairly even. 
> | |Exoctive Engineer adds, that the Experiment No. 1 was on a wall similarly 


constructed to the one herein reported, but was only 19 days old. On com- 
paring the two experiments, the difference in the strength of foundations is 
very marked, aad this no doubt is owing to the differenco in the age of the 
masonry, ]9daysand 3 months. The masonry of this trial was very pe 
built, good hands and good mortar, most probably better work than could 
expected in all parts of the foundations of a large bnilding, and was kept free 
from all extraneous moisture ; it cracked with a load af 14 tons to the foot. 
This is not much in excess of the weight on foundations of some of the large 
buildings in Calcutta, it is believed ; it would, therefore appear to be too 
weak in dosign to leave a safe margin for indifferent or careless work, and 
other contingencies, 


cn 
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Quality of bricks and | 
eroporsions of ingre- Total load. 
" | 


No. 
ien 


Foundation of 
pier. 
Plinth of pier. 
Foundation of 
pier below 
ground level 
Age of pier. 


= 





- tons. cwt. qr. Ibs. 


316’ x 2'| 2’ x 2'| 4'6" [15 days, Ist class Akra bricks 19 
x 2/14" and mortar composed 
of two of soorkee 
to one of lime. 
| 
4 | 6 x 2° 12’ 29" x! «4' «| 15 days. Ditto, 11 69 2 10 
2" x 2'14" 
{ 
51 6'x 2' 2°23)" «| 4’ «18 months Ditto, 28 18 #0 016 


2'x 2/14" 
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’ enrze. 


: Splayed Foundations (Concluded). 





| 


( With 4 ton to the foot, one hour on, no disturbance perceptible, 


| 99 #3 ” + ] 3 



























” 9” ” ” x” 
” 3 3 3 


1 
n 1} ’ 


It ry) ”, 
but no disturbance of the brickwork. 


eS | (With 1% ton to the foot, one hour on, the foundation sunk in the ground 
m4 a little more, about half an inch, and the masonry cracked slightly, as shown 
Rey at the places marked a in Fig. 3. 

g { With 2 tons to the foot, one hour on, the load remained on all night, 18 


2 


hours, the former cracks matked @ became a little wider, and the addi- 
tional cracks marked 3 were shown. 

With 2} tons to the foot, one hour on, the former cracks marked a and 8 
became a little more open, and the fresh cracks marked c appeared. The wall 
sunk about 2 inches on south side, and not quite so much on the north side, 


Vv 


Remarke by the Executive Engineer— 
This mode of giving footings to foundations is a mean between those shown in 
L| Nos, 1 and 4, which were all green masonr} 19 and 15 days old. 


The weight was put on the plinth, the off-sets being at an angle of 45°, com- 
mencing from the height of 1’ 9$” of masonry. 

No crack in the masonry was visible after being weighted 80 hours, when the 
load and pier tipped over on the south side. The soil below was soft from 
moisture, the heavy rain that fell on the 24th and 25th of last month hay- 
ing saturated the ground. 


Vide Fig, 4. 


The masonry is the same as No, 4, only older. 
With 4 ton to the foot, one hour on, no distm bance. 


[ 


+P) 53 ] 93 


% 
i »” br] bd 
1} Ht - foundation sunk slightly, but no disturb- 
ance in the masonry. 


ith 14 tons to the foot, one hour on, foundation sunk more, but no distarb- 
ance in the masonry. 


4. 


a 


%¥o3 


azxice in the masonry. 
experiment shows that a foundation of this shape is rather too strong. 


wpmoekee 


Vide 
| omaitinemnatemennenention 








H. L. 


a very slight settlement in the ground, 


4 


ith 2 tons to the foot, 18 hours on, foundation sunk one brick, but no distarb= _ 
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‘WAL SALAR JUNG BAHADUR, 


No. CUXXITI. 





THE ‘KURRACHEE’ MORTAR-TESTING MACHINE. 
{ Vide Plate XLVI] 


Note by J. H. BE. Hart, Esq, M.I.C.E., Supdt., Kurrachee Harbor 
Works. 


Dated Manora, 26th May, 1875, 


Tux accompanying drawing represents a Mortar-Testing Machine, recently 
made up in the Kurrachee Harbor Workshops for the Superintending 
Engineer, Indus Valley State Railway. 
The machine is simple and inexpensive, costing under Rs. 100, and 
«may be made of very considerable power, although, not equal to that 
required for experiments on Portland Cement. 
The machine from which the drawing was made gave 6 Tensile Stress 
of 200 ibs. on 2} square inches, equal to 88 889 Ibs. per square inch, 
‘The case of the machine forms its stand; its doors, when opened for 
use, giving stability. A Salter’s Balance registers the stress,—the wheel, 
at top, and screw affording the power. The clips for the mortar block are 
similar to those used by Grant. The bolts a, a, should be quite slack, 
Such small portable machines would be valuable in Executive Bagineer's 
_ Offices, to enable the builder to test the absolute and relative values of 
_ the various mortars used, or proposed in a district, 
‘The detaile of the machine have been skilfully worked ont by Mr. 
. Sangster, the Mechanical Hogincer of the Harbor Works. 


Je H. E, H, 


PLATE XLVI. 


CIDE ELEVATION. 
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No. CLXXIII. 


ena 


Poneman ON BRIQUETTES OF CEMENT FOR 
NARORA WEIR. 


Report by M. Kine, Esq, Assist. Engineer, on the Manufacture of 
Experimental Bricks of Mortar and Cement. 


Dated Aligarh, the éth July, 1872, 
To carry out the necessary Experiments, there are required— 
(a).—A small brick furnace and bellows. 
(6).—A temporary shed to afford protection against the weather. 
(c).—Material to experiment on (i. ¢., nodular and block kankar), 
and labor, fuel, &c., for conducting operations. 
And the cost of these will amount to Rs. 200. 
‘The general object is— 
(d).—To ascertain the quality of the limestone available for the 
construction of the weir. 
a, —To test the strength of different kinds of mortar made from 
the available limestone. 
* A J).—To decide whether it would be cheaper to manufacture an arti- 
ficial cement for our béton blocks and hydraulic works, or 
| to import it from England. 
“With this object in view, it is proposed to obtain from two foot to 
five cubic feet of kankar direct from each of the avail- 
able quarries, and to calcine the limestone thus ob- 
tained in a furnace. Samples of mortar, formed. (a8 
shown in the margin) of different proportions: of lime, 
sand, and surkhi, will then be made and. allowed. +0 set. 
: in moulds under still-water. The strength of these 
“pls of mortar {as regards tenacity and resistance to atitition) will next 


ie ‘ 
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be tested in the manner recommended by Colonel Brownlow (vide Papet 

No. LXIL, Vol I., Professional Papers), [Second Series]. 

For the manufacture of an artificial cement, the Chief Engineer's sug- 
gestion to mix the hydrate of kankar lime with various clays in certain 
proportions will be acted up to. It is possible, however, that a better 
cement may be made by substituting (as in the manufacture of Portland 
cement) an impure carbonate of lime (i. ¢., nodular kankar) reduced to an 
impalpable powder, for the hydrate recommended above. The process 
will certainly be more expensive, but it is worth a trial. 

The furnace when filled will contain about five cubic feet of stone and 
fuel, and may be used either as a “ perpetual” or an “ intermittent” kiln. 

Charcoal will be the fuel employed, and as it is: doubtful whether the 
needful degree of heat will be generated in so small a kiln, it is decided 
to employ a pair of powerful bellows. 


Note by M. Kine, Esq. Asst. Engineer, &e.—Dated the 2nd May, 1873. 


The object of these experiments was to ascertain the quality of the kan- 
kar in the vicinity of Narora, and to determine whether it was possible to 
manufacture an artificial cement out of the natural products of the Doab. 

Nodular kankar was the only stone used in the manufacture of bricks 
of mortar. It was first broken into small pieces (none being larger than 
a walnut), washed, and then calcined in a furnace with charcoal fuel; the 
proportion of fuel to kankar varied from 4 to 4. The calcined kankar 
was next ground between a pair of stones to an almost impalpable pow- 
der, worked up in a box with the addition of water to the consistency of 
a stiff paste, and then placed in moulds. It may be objected that wash~ 
ing and grinding the kankar to an almost impalpable powder are refined 
processes that cannot easily be carried out in actual practice, and that 
the experiments are therefore of not much value. Such an objection 
should not have much weight at present, because if experiments prove 
that by washing the kankar (the same end, viz., removal of dirt, can also 
be attained by breaking the kankar into small pieces and then screening 
it) and grinding the lime into a fine paste, we obtain a great increase in 
tenacity, the extra cost would be a minor consideration in the case of ai 
heavy works contemplated at Narora. < 

‘Previous to my transfer to the Narora Division I had made up 156 : 
bricks of mortar and two béton blocks. Great difficulty was experienced, - 
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as will be geen from the out-tarn, i in preventing cracks in the bricks during 
the process of setting and removal from moulds ; 

out of the 156 samples mentioned above, only 32 
were fit to be tested for tenacity. I have since dis- 
covered that this difficulty of obtaining sound bricks 
can be entirely overcome by careful attention to the 
following points :— : 

The mould should be of three movable pieces of 
wood (a, 6, and c) and of the pattern shown in the 
sketch; it is quite unnecessary to secure the bottom 
End elevation. piece a@ to the sides } and c. 

Tey sb Each mould should be soaked in water for 24 
hours before it is filled with mortar, the object being 
rai inpeah Beppe to prevent expansion of the wood after the mould 
c—TZhe other sideof has once been filled with mortar. Numerous trials 

sata have convinced me of the fact that a dry mould filled 
‘with mortar invariably causes the brick to crack. ‘ 

The bottom of each mould should be sprinkled with sand or surkhi, to 
allow of the easy separation of the brick from the wood. 

__ The side pieces should be held firmly together during the process of 
filling the mould, which should then be carefully removed to a trough in 
which the water is about half an inch below the top of the mould. If 
the moulds are submerged, it is evident that the side pieces will (unless 
_ they are weighted) float, and soon destroy the brick. The side pieces © 

‘should be removed after 24 hours, the bottom piece, with the sample 
brick..on it, being allowed to remain either in water or in some place 
where it can be kept tolerably moist. At the end of a week the sample 
brick should be removed from the bottom piece. This is best done by 
holding that piece of wood “on end,” by placing one hand under the 
_ lower head of the sample and by gently tapping the wood against the 
floor with the other. After separation the sample bricks should be placed 
: in rows on end, the bricks of the first row resting against a moist wall, 
“those of the second resting against the first, and soon. They should be © 

watered. swith a rose three or four times a day for about a oa and 
tice! allowed to dry i in a room till it is decided to test them, | | 
"MD have heve entered into the above details to save others the dieap- | 

S _ pao i experisnced. when r first started the manufacture of these | 

Obs We SHOOND SRRIEE. . : a 2x. 


ab eee 
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experimental bricks of mortar. By attending to the precautions I have 
succeeded in obtaining, since may return from the Narora Division, 
over 90 sound samples, 

The accompanying Table A. shows the tenacity 3 in Ibs. per square inch, 
composition, and age of nine samples that will be forwarded to the Ex- 
ecutive Engineer of the Narora Division. The tensile strength of the 
bricks marked T and U, which were unfortunately broken in removal 
from moulds, could not be ascertained. 

In my endeavour to manufucture an artificial coment I adopted the 
process of first grinding the raw kankar into an impalpable powder and 
then mixing it with clay in proportion of 2 to 1, 3 to 1, 4 to 1, and 5 to 
1; the ingredients were thoroughly intermixed in a box with the addition 
of water, formed into balls, dried in the sun, and burnt to a semi-vitri- 
fied state in a furnace with charcoal. In some instances I regarded the 
kankar as a natural cement stone, and with a view to obtaining a homo- 
geneous cement, merely redaced it to an impalpable powder which was 
mixed with water, formed into balls and calcined in the usual way. I 
I regret I cannot yet, owing to the great failure in the out-turn of bricks, 
state the proportion of kankar to clay that is likely to give the best result, 
but I hope to determine this point before I have done with these ex- 
periments. 

Since my return from the Narora Division I have been working on a sys- 
tem that should afford some valuable information when the bricks have 
been tested. I think it may be taken for granted that the limestone for 
the Narora Weir will be obtained principally from the quarries of Muham- 

madpur, Pahokarpur, Baloni and Akbarbur; believing this to be the 
case, I have obtained from each quarry a cartload of material which ia 
being treated in the following manner :— 

A certain quantity (about 2rds of a cartload) of the kankar from each 
quarry is calcined, ground to an impalpable powder, and formed into. 
sample bricks, some of which are composed of pure lime, and the rest 


of the same lime mixed with surkhi in proportion of — _ 
. 6 parts of lime in paste to 1 of surkhi in powder, 


5 ditto ditto 1 ditto ditto. 
4 ditto ditto 1 ditto ditto. | 
8 ditto ditto 1 ditto ditto, 
2 = ditto ditto’ 1 ditto ditto, 
1 ditto ditto 1 ditto — ditt, 
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The remaining kankar from each quarry is ground into an impalpable 
powder and mixed with clay or other ingredients in various proportions 
with the object of manufacturing an artificial cement. 

I hope to have, in the course of the next six weeks, nearly 800 bricks 
of mortar, which might be made over to the Executive Engineer of the 
the Narora Division for the purpose of testing their tencity. I am pre- 
paring a Table showing the mark on each sample, its composition, date of 
manufacture, &c., so that there may be no difficulty in deducing practical 
results after the bricks have been tested. 

Major Helsham Jones suggestion to make up a testing-machine should 
be carried out; it is a most painful undertaking to test some hundreds of 
samples by the primitive process of fixing one end of a brick and sus- 
pending weights to the other till fracture occurs. 2 

The two béton blocks, of which a description is given below, were 
thrown into the second bay (counting from the left bank) of the Someyra 
Falls, Ganges Canal, in the first week of April 1873. It should be borne 
in mind, when they are taken out fur inspection, that their sharp edges 
were lost during removal from the moulds. 

Béton block No. 1, measuring 2’ x 1’ x 9”, was manufactured on the 
9th August, 1872, of block kankar chips and mortar, in the proportion 
of three parts of the former to one of the latter measured in paste; the 
mortar consisted of equal parts of surkhi and kankar lime measured dry. 
The material was rammed for ten hours, in layers of three inches, in a 
strong wooden frame, by two men with a rammer weighing 18 ibs. The 
block was watered three times a day for a month after manufacture, and 
then allowed to dry in a room. Its weight in April last, before immer- 
sion, was 214 ibs., ¢. ¢., 142°7 Ibs. per cubic foot. 

Béton block No. 2, measuring 2’ x 1’ x 9,” was manufactured exactly 
in the same manner on the 10th November, 1872, of the following in 
gradients :— 

Five parts block kankar chips. _ ‘ 

Two parts of mortar (measured in paste) made from kankar lime with- 

cat any admixture. . 

‘the weight of this block in April last, before i immersion, was 200 fos. 

4, &, 188°8 ths, per-cubic foot. 
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Tasuz A. 





ag Age in | Tenacity 
os, days on | in ts. per | 
g When manufactured. date off | square REMARKS. 

: fracture- inch, 


ree 


real 





| 06 rom an artificial cement consisting 
118-06 | Made f al t 
P. | 21st October, 1872, {139 days, of four parte of kauker powder to one 


pert of Narora clay. 


Made from an artificial cement, consisting 
of kankar powder only mixed with water, 
dried in the sun and thoroughly calcined, 
but not vitrified. 


V. | 5th November, 1872, {131 days, 184°72 


Made from exactly the same cement as 
sample V; slightly vitrified pieces were, 
however, selected for this sample, 


U. 2nd November, 1872, ose ee 


B. | 28th September, 1872,/194 days,| 108°06 | From an artificial cement made by grind- 
ing kankar to powder, mixing with water, 


drying and then calcining. 


C. | 28rd Angust, 1872, {212 days,! 210°26 | made from kankar lime without any ad- 
mixture, Fracture did not occur xt the 
weakest point of the sample, and was 
due to the existence of an air bubble in 
the mortar; the actnally breaking weight 
of the sample may therefore be taken at 
oes figure than 210°26 bs. per square 


¥. | 12th November, 1872,/13) days,| 115°23 | Made from kankar ime (same as that 
used for béton block No. 2), without any 


admixture. 


Q. | 21st October, 1872, {153 days,! 106°82 Made from kankar lime without any ad* 
ure. 


T. | 2nd November, 1872, oe oe Made from artificial cement, consisting of 
kanker powder, only mixed with water, 
dried in the sun and thoroughly calcined 
but not vitrified. | 

A.2. 28th March, 1878, ee oe ee Made from kanker lime without any ad- 


rae pak The al niche phe 
t barpur quarry BaINe OS 

on the Rajghat road). This is sent as & 
sample of an entire brick; ite tenacity 
stent be tenes after is is three months 
old. o- 
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Note by M. Kino, Eso., Asst. Engineer, gc—Dated the 11th March, 
1874. | _ Sea eo 
| Tue samples of mortar were in every case subjected to the following 
PTOCess i— fs Oe a 
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The kankar from the quarry was first broken into small nodules (none 
larger than a walnut), thoroughly washed, and then calcined in a furnace 
with charcoal as fuel; the under-burnt and highly vitrified pieces were 
rejected ; the calcined stone was ground in a hand flur-mill to a fine 
powder, and then worked up in a box, with the addition of water, to a 
stiff paste; a portion of this paste was put into moulds for such samples 
as ate shown in Table B. to contain nothing but kankar lime. The re- 
mainder of the paste was then mixed with surkhi (measured dry) in 
different proportions to ascertain (hereafter by actual tests) the effect of 
the admixture on the tenacity of the mortar. 

Cements.—The following plan of operations was adopted as regards the 
stone from each quarry (Akbarpur, Baloni, Muhammadpur and Paho- 
kurpur) :— 

A portion of the raw stone, after being broken into nodules and thor- 
oughly washed, was ground to a very fine powder in a hand four-mill. 
The powder was then mixed (dry) with clay (and in some cases with fat 
lime in the proportions shown in Table B.; water was next added to the 
mixture, which was agitated till it attained the state of a semi-fluid; the 
mixture was then allowed to stand till it became firm enough to be 
made up into balls (about an inch in diameter); the balls were thoroughly 
‘dried in the sun and calcined in a furnace with charcoal ; the under-burnt 
and highly vitrified pieces were rejected, and the remainder of the cement, 
was ground into an impalpable powder, mixed with water, and placed in 
moulds. All ingredients that enter into the composition of cements were 
measured in a stateof powder. In some cases the cement consisted mere- 
ly of kunkar ground into a powder, worked up into a paste with water, 
and then dried and calcined. (Samples marked A.15, M. and Xx., illus- 
trate this process of manufacture). 

- The lime used in samples P.1 and P.9 was taken from the same kiln; 
in samples P.1 all under-burnt and vitrified pieces were rejected ; in sam- 
ples P.9 the proportion of under-burnt and vitrified pieces actually found 
in. practice was allowed. | 

' ‘The béton blocks were manufactured after the manner described by me 
in my first Note, copy of which was forwarded to the Narora Division with 
this office No. 1697, dated 2nd May, 1873. The samples of mortar and 
coment, after being’ placed in the moulds, were » treated in the manner 
recommended in that Note. 
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TaBe B. 


Table showing date of manufacture and ingredeents used in the 
Sample Bricks and Mortar. 
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F INGREDIENTS. 
a 
Es Parta of lime or poet Date of manufacture. REMARKS, 
3% eerie Lota measure 
Fe ed dry. 
A.l | lof KL. es leo 22nd March, 1873 Gale kankar lime from Akbar- 
| | pur quarry. 
A.& | 40f KL 1 |28th ditto -+| Ditto ditta ditto ditto. 
A.4 | 50f KL. 1 Ditto ..| Ditto (same lime as in A.3.) 
A.5 | lof KT. -» (29th ditto  ..|Ordinary kankar, Akbarpur quarry. 
A.6 | 30f KL. 1 Ditto  ..|Same lime used asin AO. 
A. 7 4 of K. L, l Ditto ee Ditto ditto. 
A.8 | lof KL ». (80th ditto ..|Ordinary kankar lime, Akbarpur 
uarr 
A.9 | 2o0fK. L. 1 Ditto .. Sane eee used as in A.8. 
A.10 | 80f K. L. H Ditto .. Ditto ditto. 
A.lL | lof KL. 1 Ditto. Ditto ditto. 
vitrified). 
.14 | lof ct. E. .» {10th ditto «+| Ditto EB. ditto, 
15 | Lofct. ¥. ee {13th ditto -| Ditto FB. ditto. 
1 | Llofct. A. «- (8th April, 1878 .. Nitto A. ditto, 
2 | 1 of ct. B. +» jl1th ditto --| Ditto B. ditto. 
1 of ct. 14. es (28rd March, 1873} Ditto 14 ditto. 
1 | lof K.L, -» j2nd May, 1873, .. {Ordinary kankar lime, Baloni quarry. 
2; 8o0f KL, 1 Ditto, ..jSame lime used as in D, 1. 
.3 | lof KL, | «. (80th ditto,  ../Ordinary kankar lime, Baloni quarry. 
4 \4o0f K.L,, 1 Ditto, ..iSame lime used as in D. 3. 
§ | lof KL, | .. {14th August, 1873/Ordinary kankar lime, Baloni quarry. 
1 of ct. G., +» 112th October, 1873\Cement G. was used, 
1 of ct. H., .. (18th ditto, ..{ Ditto H. ditto. 
1 of ct. L, ». ‘Lith August, 1873} Ditto I. ditto. 
i, Lofct.Li,| + |18th October, 1873] Ditto Ti ditto. 
| Lofct.J., -» {6th August, 1873 | Ditto J. ditto. 
“| Lofet. K, | .- jSth ditto, ..-| Ditto K. ditto. 
1 of ct. L., ee j17th ditto, ..| Ditto I. ditto. 
‘ 1 of ct. M., | i12th October, 18738} Ditto M. ditto 
.1 | lof KL, | «. {11th April, 1878 |Ordinary Cuker lime, Muhammad- 
ur quarry. 
2 | 8of KL, 1 Ditto, ../Same lime used as in M. 1. 
8 | 40of KL, 1 Ditto, ..| Ditto ditto. 
4 |1lof KL, | «- {12th ditto, ..jOrdinary kankar lime, Mohammad. . 
& | bof KL, 1 Ditto, ,. {Same lime tweed as in Mf 4. ; 
6 i Gof KL, 1 {14th ditto, ..|Kankar lime need, Muhammadpar 
barry. ' i . : 
q i of K, L, oe L5th ditto, oe’ inery | ‘kankar Hime, acpaaaas 
ed ae 
20f KL, 1 Ditto, ef tsod as in M. 7. 
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| Table showing date of manufacture and ingredients used in the 
: Sample Bricks and Mortar—(Concluded). 














pe INGREDIENTS. 
: Pantaleo line ce Seca of|Date of manufacture. REMARKS, 
a jcement measur poker 
z d in paste. ed dry. 
M. 9 | Lof K.L, »» {17th April, 1873, |Ordinary kankar lime, Muhammad- 
pur quarry. 
M. 10.| 4o0f K. L, 1 Ditto, ..|Same lime used as in M. % 
M. 11 | 8 of K. L., 1 Ditto, ..| Ditto ditto. 
M. 12; lof KL, 1 Ditto, ..| Ditto ditto. 
N. 1 of ct. N., «+ {10th October, 1873|Cement N. was used. 
O. lofct.0., | .. (9th ditto, ..| Ditto O. ditto. 
P.1 | lof KL, ». {16th May, 1873,..|Ordinary kankar lime, Pahokurpur 


quarry (all vitrified and undere 
burnt pieces were rejected), 


P.2 | 4of K. L, 1 |10th ditto,  ../Same lime used as in P. 5. 

P.8 | bof KL, 1 Ditto, ..] Ditto ditto. 

P.4 | 8ofK.L, 1 |16th ditto, ..; Ditto ditto P.1. 

P5 | lof KL, -. [10th ditto, ..j/Ordinary kankar lime, Pahokarpur 

quarry. 

P.6 | Gof K. L, 1 {16th ditto, ..|Same lime used asin P. 1. 

P.7 | 20of KL, ] Ditto, ..| Ditto ditto. 

P.8 | lof KL, 1 Ditto, ..| Ditto ditto. 

P.9 | lof KL, e- |17th ditto, ..{Ordinary kankar lime, Pahokurpur 
quarry, N.B. 

P. 10 | 40f K.L, 1 Ditto, ..|Same lime used as in P. 9. 

P. 11 | 80f KL, 1 Ditto, ..| Ditto ditto. 

P. 12 | 2 of K. L., 1 Ditto, ..| Ditto ditto. 

R. 1 of ct. R., -» {8th October, 1873 |Cement R. was used. 

a. 1 of ct. T,, es {12th ditto, ..| Ditto T. ditto. 

U. = | Lofet. U., -- |21st Sept., 1873, | Ditto U. ditto. 

V.vi j lofct. V.v.| .. [18th ditto, ..| Ditto V. v. ditto, 

V. 6 | lofet.V.6,| .. [17th ditto, --| Ditto V. 5. ditto. 

W. lofet. W.,| .. {5th ditto,  ..| Ditto W. ditto. 

X.x | lofct.X.x.| .. {18th ditto, ..]| Ditto X. x. ditto. 

II, 1 of ct. IL, «> |Sist August, 1873) Ditto II. ditto. 

IV. | lofet.IV.,| .. (5th Sept., 1873,..| Ditto IV. ditto. 








Tassie C. 





REMARKS. 
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Muhammadpar kankar and Narora clay. 
Quarry not known. e # 








ee 
ee 


342° mxPenncenre o” BRIQUETTES OF CEMENT FOR want wees : 


Table showing composition of Arti iheial Conente—(Coneldal) 





a a o 
i a3 ey [i a | 
: ites ae REMARKS, 
we [es | By : 3 | : 7 34 
iS 

aig [fe® | 2 /eS1E: 
Cc... 6 oe 1 | os | «» | Akburpur kankar and gir cla 
EK. se 4 os if e6@ ee Ditto a ey 
F. .. 1 ws ee | ee | oe | Akbarpar kankar a fine. 
G. eet ce 1 | ++ | .. | Pahokurpur kankar and ordimary clay. 
H..f ° 6 oe 1 | .. | -» | Muhammadpur kankar and ordinary clay. 
[oe ae & j} «» | 1 |... | Pahokurpor kankar and bazar lime. | 
- : ? a : cm Mubemmadpse kankar ane — lime, 
Least: “4 ‘ : ae eee Mdhanieeapar kankar me oriiaey clay. 
M. ae 1 oe ee ae ae Ditto ground fine. 
N. .. 5 oe ex | 1 Panokurpur kankar and bazar lime, 
O. .. 5 Bl sige Fe wi Ditto and ou ee: 
R. .. 4 eo Pred ae ae ae Ditto and bazar lim 
ae 7 Pe rene ea pee Ditto ground and, 
U. .. 4 ee 14... | .- | Baloni kankar and ordinary clay. 
Vins 4 i oe) 2 tas Ditto and bazar lime. 
W.. 5 es ) ae ea ee Ditto and eae clay. 
X, . 1 ee os Ditto ound fine, 
Hi. . 6 ° 
IV, 7 e 


re | Muhammadpur kanker. 
1 Ditto. 








Letier from Eaec. Engineer, Narora Division, Lower Ganges Canal. 
Dated Narora, the 2nd December, 1874. 


I have the honor to forward a Table showing the results of breaking 
down the briquettes made by Mr. King ; also, for comparison, some re- 
sults obtained from the common lime used here. a 

Mr. King has done us a great service in leading the way in experi- 
menting, but the results show that it is scarcely worth while to use the 
more tedious processes of burning when the ordinary one gives resulta - 
eo nearly approscniig those so obtained, and at a considerably less 


age. 
The mixtures marked A.3 and K. are the ss ones which exceed i in 


any marked manner the ordinary lime. 
- T-regret extremely that many of the specimens ‘were:  ectdamnaily. 
broken: a good many were received go, and many more were broken 


* during | the long fixie wo bed to ‘wait Redgh means of: boning sm, 
properly. 
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‘846 exéepncmrts on BRIQUETTES 08 GUMENT FOR .BARORs aE, _ ? 7 
Note by M. Krua Esa., Asst, Engineer, ¢c.--Dated the 18th Dec. 1874, 


It is to be regretted that so many specimens were accidentally broken, 
and that Major Helsham Jones had to wait so long for means to test the 
briquettes properly. His Table B. shows the results obtained i in breaking 
51 specimens only, whereas about 200 sound briquettes were despatched 
from Aligarh. ; 

General results deduced from experiments on such a limited scale are 
seldom reliable and often contradictory. Take, for instance, the speci- 
mens marked A.], A.3, A.4 to A.11, with were’ manufactured from kan- 
kar obtained from the Akbarpur quarry, material supposed at that time 
to be only fit for road metal. Assuming the ages of the specimens to be 
the same in all cases, the following analysis shows the average results ob- 
tained by the admixture of a constantly increasing proportion of sarkhi:— 


Kankar from Akbarpur Quarry. 


Number of specimens | Partaof kankar lime | Parteof surkhi mea- jAverage bresking sn eh 





tested. measured in paste. sured in powder, in ths, per aquar 
7 1 0 109 
3 5 1 95 
4 4 1 195 
4 3 1 . 153 
2 2 1 sd 124 
4 1 1 124 


‘The above analysis (if the results may be relied on) would show that 
four parts of kankar lime in paste to one of surkhi in powder is the 
combination best adapted to the stone obtained from the Akbarpur quar- 
ry. But comparison of facts deduced from the few experiments tabulated 
above leads to such contradictory results, that it would be unwise to arrive - 
at any definite conclusion in regard to the nature of the limestone furnish- 
ed by the quarry. If, for example, a briquette of pure lime breaks with 
109 Ibs. to the square inch, and » sample composed of four parts of the 
same lime to one of surkhi is able to stand a strain of negtly | 195 tbs. to 
the square inch, it is hard to explain why the tenacity of an. intermediate 
_ mixture (five of lime to.one of surkhi) should be represented by 95 hs. 
only. In the same way, if one of lime to one of. surkhi breaks with 124 
- De., and four of lime to one of surkhi i is able to resist a strain of nearly: 
| 196 Bs., the natural inference in regard to an adasiztare of two of = 
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te one of surkhi is that 163 ths. = 124 Ibs. + § (195 — 124) ths., would 
represent the tenacity of such a briquette. 

These contradictions clearly point to the necessity of experimenting on 
a much greater number of specimens if it is desired to arrive at tolerably 
correct results, — ° 

A noteworthy fact established by these experiments is the high tenacity 
of mortar carefully prepared from the kankar limestone found so abund- 
-antly in the North-Western Provinces: samples A.3 and A.7 (four of 
kankar lime to one of surkhi) broke respectively with 241 and 225 be. 
to the square inch. But the best result of all was given by one of the 
specimens marked K; thie briquette represented an artificial cement, 
formed by mixing four parts of kankar from the Muhammadpur quarry 
with one part of fat lime. The kankar was reduced to an impalpable 
powder, and, after careful admixture with fat lime, was made into balls 
and calcined thoroughly in a furnace, with charcoal as fuel. 

The two béton blocks mentioned in my Note of the 2nd May, i878, 
were removed from the Someyra Falls after an immersion of nearly six 
months. They showed no signs of wear, and the trial clearly proved, if 
indeed there were any doubts on the subject, that blocks of concrete care- 
folly manufactured with ordinary kankar mortar are capable of resisting 
the action to which the stone in the talus of the Narora weir will be 
subjected. 

M. K. 
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No. CLXXIV. 


MODIFICATIONS OF BULL’S PATENT ANNULAR KILN. 
[ Vide Plate XLVIL ] 


Communicated by H. Butt, Esq., Asst. Engineer, P. W. 


Tar modifications of Bull’s Patent Annular Kiln, as explained in the 
following Article and Drawings are, it is believed, worth consideration to 
any one interested in Brick and Tile Burning. They were worked out 
during a season’s burning operations at Agra. They consist of, and their 
advantages are :— 

1st.——The kiln being simply two brick wall rings, without any kind of 
flue, rouse, or fire bars. This, whilst reducing the cost of the kiln from 
Rs. 500 to Rs. 300, or Rs. 350, increases its capacity of out-tarning 
bricks from 4 to 5, or 54 lakhs per month, 25 lakhs of bricks,—or rather 
21} lakhs of bricks and 17 lakhs of 15-inch Allahabad Tiles (the tiles 
having taken up the space of 34 lakhs of bricks),—having been the actual 
out-turn in five months, from the middle of January to the middle of June. 
Or, if a larger out-turn be not required than is given by the original 
plan, the cost of kiln is still further reduced by about Rs. 50; height of 
kiln being reduced. In the original plan, where fire bars set in -a raised 
platform are used, the burning ashes or charcoal, which are in my opinion - 
the very essence of heat, drop through the bars into the trough below 
and do little or no duty ; there is no loss of this kind in the altered form; . 
which is in accordance with the well known fact that wood, unlike coal, burns. 
.s well, if not better, on a flat surface without any openings below, ‘than. ; 
ins grate : ; witness the old fashioned fire-places at home for burning logs... 

Fe will be readily allowed that the smaller the surface of the walls, atid te 
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the top.and bottom of the kiln, are in proportion to the number of bricks 
| eontained, the smaller the amount of fuel wasted in heating these surfaces. 
In the original plan the bricks were loaded only 5 feet high, the kiln was 
only. 12. feet wide, the total area of surface per foot run being 2 x (5 
+ 12) = 34 square feet, the number of bricks contained in one flue, or 
from the centre of one flue to the centre of the next (4} feet), being 
2,400. In the new plan the surface is 2 x (15 + 8) = 46, the number of 
bricks 4,000. The proportion in former case being 44 square feet of sur- 
face to 72 bricks, in latter 4} to 87 bricks, or 1 square foot of surface to 
17, and 204 bricks, respectively. 
2nd.—The arrangement of flue space for the chimney :—~ 
As the heat travels nearly horizontally, the flue space in the body of 
the kiln should theoretically be the same as in the base of the chimney. 
It is not easy to work this out exactly, but I have endeavoured to arrange 
for this as nearly as possible. In the old plan the flue space in body of 
kiln was that contained between the concentric walls, which were 24 to 
4 inches apart; the total area being this width x number of spaces 
between concentric walls x height of loading—the last being 5 feet. 
At the chimney the covering bricks were left out across the kiln for 
a length of 1} feet longitudinally, so that the area of flue space at 
base of chimney was, this same width x the same number of spaces 
between. concentric walls, x 14 feet only, or less than one-third of 
former. In the new plan, at the position of chimney, (see longitudinal 
section,) a space is left in the body of the kiln 1 foot longitudinally, extend- 
ing (with exception of one or two walls left for strength) right across the 
kiln, Atthe level of the third layer from the top, the area of the chimney 
flue is {15’' — (2 x 94”)} x 1 or about 134 square feet. If the cross 
and. longitudinal sections be examined in conjunction, it will be seen 
that this space is further increased by the arrangement of the two top 
- layers, ond the width. of the chimney being increased. The increase is 
about.6 square feet, making a total of 19} square feet; that in the body 
of the kiln being 24" (wide) x 6’ 5” (high) x 16 (number of spaces) 
‘Geducting the depth of binder bricks which run across the a or. 22 
equaxe feet. | 
I néed, hardly reason on the advantage of this arrangement, | for it j is 
‘apparent that if there be insufficient chimney space, it is impossible for: 
“t aD ok ‘heat to come forward, TL argued in this manner to myself, ‘that 





lakhs were burnt with 700 to 75U maunds, and the average of tne zo 
lakhs (a large proportion of which were burnt before the improvements 
were made) was 950 maunds of 4 cubic feet. On comparing this quantity 
with the quantity used in an ordinary flame kiln, it should be borne in 
mind that in the latter the fire doors are so large, that pieces weighing 14 
or 2 maunds may be thrown in, whereas in the Annular Kiln the largest. 
piece cannot weigh more than 20 or 25 ths. When fuel is purchased by 
measure, as it generally is, this makes a great difference. Supposing fuel 
for the Annular Kiln took 4 feet to the maund, that for the ordinary 
flame would probably take 3 feet only. 

I might add, that one of the immediate results of the new arrangement 
for chimney flues was, that both the ash and firing flues could be kept 
almost entirely closed, the draught being all drawn from behind, in of 
course a heated state; using heated instead of cold air for the combustion 
must add considerably to the saving of fuel. - 

8rd. The arrangement for loading the upper layers :— 

This will be easily understood from the Plate. It has generally, I be~ - 
lieve been found difficult to get the upper two. layers thoroughly’ burnt. | 
By loading in the manner shown in the Sections, the difficulty is entirely ) 
overcome, as a much larger amount of free surface’ is. sete. sexpored | 
to the action of the heat. : 

I would farther recommend three earthen pipes. beligg plieod at fon of - 
the kiln in a transverse line midway between two fines directly ‘above the 
binder ‘bricks, one at each edge of kiln, and one: jim: middle,. so mibaatod 2 









the ancaptran af the i 

varies and apqier) + Hh | 

Beet oy fat ta ea 7 ty 
L section | 
— Through preset hid aly over 









| Wall af temporary chimney. 


Across the kiln thre ex t 
brik wede 


—_ 





Minders of 3 Bricha run- 
ning right across Kuin 
to strengthen walle prt 
ta at each 4th layers 
mdwoy Setween Aucs. 





Brick clonng corbels 
orhellang over bricks 





i 
: ee 


9; BD, sat 


“#, 6¢'- Seta Site Bone eee “Oper space 









get evther longitudinally or transversely uf 
space should he left between them 
ITUDINAL SECTION 


avgugh chime | Between concentric 
‘i far. walls 







"A40n = grote left out tell closing of Chimney 
Pr ge gs when rt 18 put in and space covered arth 
ales or layer bricks spocsally made 


x Thre ts mean width, for wdth 
‘varies boing 15” at inner edge 
and 17° at outer edge innie, 


REFERENCES. ' 
Earth gee ae oe Ce 


Rutcha Brickwork. _...... ES 
Bricks in Seotwon . ‘tenis ieee wank o-aile fy 7 





MODIFICATIONS OF BULL’s PATENT ANNULAR KILN, + $BR 


‘that charcoal can be dropped down on the binder bricks.. I recommend | 
this, as these are the places where the bricks tend to remain underburnt, 
. Charcoal might be dropped down say every half hour, and the pipe covered 
with a cake of clay, or any kind of burnt clay covering. At commencing 
operations, the percentage of 1st class bricks was not high. I had had 
little experience in brick burning. I had great difficulty in gauging the 
burning (which was frequently carried too far) as the Agra clay scarcely 
shrinks in burning ; and there is, moreover, a large amount of bujri con- 
tained in it, which causes many bricks to break. For the last three 
months, however, it rose considerably. The actual out-turn in April, May 
and June was 9,72,000 first class pucka bricks only, or 3,24,000 a month. 
One-fifth of the space in the kiln was taken up for tiles, besides which 
about 4,20,000 bricks were loaded per month. This gives a percentage 
of 77 on the bricks only ; 24 per cent. of out-turn was distorted, 24 pucka 
or vitrified bats, 8 per cent. second class, and the rest peela: Rs, 2-2 was. 
the rate paid for labor, preparing ground, digging, pugging, moulding, 
loading, firing, and unloading, calculated on first and second class out-turn 
only. The tiles were put into the best part of the kiln, and turned ont 
exceedingly well. Of 1,72,000 loaded, 1,63,000 really serviceable tiles 
were out-turned. , 

As regards the working. A wall, say 14 thick, is built across the kiln 
either midway between two flues, or taking the place of what would be 
the bricks at one side of the flue, as shown in plan, the corbels being 
built in the wall. It is useless loading the bricks to full height at start- 
ing, on account of the heat travelling horizontally forwards. The wall 
should therefore be built to a height of about 3 bricks above top of corbels, 
and the bricks stepped upwards till over the middle of second flue they 
are loaded full height. When loading, a line must be stretched across 
kiln, with the positions of the concentric walls marked on it. The flue is 
.15 inches wide at inner wall, and 17 inches wide at outer wall, so that 
if the line be set 84 inches from the 9 inches square ash-flue on inner 
| ae and 4}.inches on outer, the correct width of flue will be arrived. 

The line may be dispensed with by making a brick flooring, the. 
ea being set, flat, except where the kutcha brick walls are ‘to. be. 
| loaded, and there they are set.on edge. The latter will, of course, be 
_an inch’or two above. the remaining part, and serve as permanent guides 
for the loading, Bats: or-any refuse will do for the flat brick Patt, ‘aes 
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‘whole bricks, either peela or kutcha, should be used for the brick-om- 
edge: The new bricks are loaded on these low bricks-on-edge walls, 
which latter are coincident in area with the walls to be built above ad. 
‘shown in plan. It may be thought that the flat bricks might be dis- 
pensed with, and the cost lessened by laying the remaining flat, but it-will 
be found that without something to keep the latter in their places they 
will be kicked up in the operations of loading and unloading. The 
arrangement is not absolutely necessary, all tbat is required being a level 
floor with the earth well rammed, but I think the convenience is well 
worth the extra cost of say Rs. 50. The loading is carried on a3 shown 
in plan for say 10 flues, when the space for chimney shonld be left. The 
bricks may be loaded with their lengths longitudinally or transvernely, 
whichever is most convenient. In the former case, as three bricks’ widths 
measure only 84 inches, and the length of a brick is 94 inches, there will 
be sufficient space between them for the heated air to circulate. Jn the 
latter case they should be set 4 or 32-inch apart. In the cross wall built 
at conamencement, two or three air holes, 9 inches square, should be allow- 
ed at bottom, to be built up and plastered over in such a way, that they — 
may afterwards be conveniently opened again. The loading having been 
completed to ten flues with the exception of the earth on top, firing may 
be commenced easily, in the first flue; after six hours, a second flue may 
be fired, and the 6-inch layer of earth placed over first flue; after six more 
hours, a third flue may be fired, and earth placed over two more flues; and 
so on, a flue being opened every six hours, till six, seven, or eight sre 
being fired, earth being placed over two flues at a time till the chimney 
ig reached. The earth may after this be placed as the bricks are loaded. 
‘The space for chimney should after commencement be left at every fifth | 
fine, this rule being adhered to—that the firing is never nearer than three - 
flues to the chimney. When it has reached within this distance the 
chimney should be closed, by first replacing the brieks left out as shown 
in plan, and then spanning the remaining space with refuse 15 inehes tiles 
_ or bricks made specially for the purpose. The loading should at the time 
of closing the chimney have proceeded so far, that a second chimney may. 
- be built up; in fact it is a good role to always have two. eee or cancel 
es | Shiney. spaces, ready heyond the one actually in vee. : 
“Nine fines is the utmost that may economically ‘be fired at one time, 
ne md of those. being fired ;--this rule shoald be. nihered to. in a  aitis 
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that never more. than three foremost fines are fired hard, the rest taing. “ 
Bred easily; the:last opened very easily indeed, with only chips or: light 
branches; Seven flues is the number I should recommend to be fired at 
once, and in this case the fire in fue No. 1 should be pushed when the sixth 
is operied, and No, 2 when the seventh is opened, and so on, two flues only 
being fired hard. In from 80 to 40 hours the bricks in first flue will be 
pocka. No fixed rule can be given for deciding on this as some clays shrink 
much, some scarcely at all, some will be found fally burnt when they have 
arrived at a fall white heat (which may be ascertained by making holes in 
the covering), some have to be kept at such a heat for a length of time, so 
at starting operations, the closing of the flues must be considered purely 
experimental. Careful note should be made of the conditions under which 
each flue is closed, and after a month or six weeks a decided opinion may 
be formed as to when a flue should be closed. 

I must define what I mean by firing hard and firing easily. By firing 
hard, I mean to throw in as much fuel as will burn freely, the object to be 
aimed at, being the consumption of the largest amount of fuel with the 
smallest accumulation of charcoal. Charcoal will collect to some extent, 
but that is useful, as it can be easily distributed so as to give an even 
heat right across the kiln, and if the burning logs can alsv be arranged in 
this manner the firing is as near perfection as it can be. Throwing logs 
over others only half burnt has a pernicious effect, as tending to canse 
charcoal to accumulate too largely. It should be remembered throughout 
the operation of firing that the side walls tend greatly by their mass to 
take the heat from the bricks set nearest them. It will, therefore be 
found a good plan to always have a good log burning, half in the hard- 
_. fived flue itself, and half hanging over the wall; even after closing a fiue it 
may be found necessary to put a log in this position, to be succeeded by 
‘others as each is burnt out. Unless the side walls at their inner surfaces 
-be raised to the same, or nearly the same, heat as the bricks themselves, 
the bricks nearest them are sure to be underburnt, and the operator 
. waust make up his mind to sacrifice a large amount of fuel for this, | 
_. By firing easily, I mean distributing the fuel sparingly, to try and get : 
: no charcoal whatever, the lightest pieces being used for the most, newly. 
fired, the. thickness and size in the rest graduating from this.4o: where 
_ hard firing is being carried on. The closer these rules are attended: to the 
{Jeas ywill-be she consumption of fael. One inch iron pokers, 10 or:212 feet, 


" : 
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ae witha bend at the end, of 8 or 4 inches, should be used in distributing - 
the fuel. For starting a new flue, a scoop, a foot long and of segmental. 
‘or semi-circular section with a chord of 4 or 5 inches, should be aged ‘to 
draw some of the burning charcoal from one of the hard-fired dues, and. 
to place'in the one just opened. The scoop is rivetted to-a rod iron: 
handle, }-inch diameter and 4 or 5 feet long. On top of the charcoal 
some light pieces should be thrown till the fire is well lighted. Asa a 
ig closed another should be opened. 

The flues, both ash and firing, are closed with an sities Seaar 9 
inches square tapering to 84 inches square, 3 inches thick, with a hole in 
the middle, 14 or 2 inches in diameter, to allow of examining the fire. 

As regards opening the ash flues for draught, this must be decided 
on by circumstances. At starting the whole of the ash openings to the 
fines being fired will probably have to be kept partly open. When five 
flues have been closed the openings in the cross wall, mentioned above, 
should be made, small at first and increased in size gradually as the firing 
continues till after ten flues are closed, it will probably be found that the ash 
openings to the flues being fired may be almost entirely closed, the ne-~ 
cessary draught being drawn from the end openings. A good rule after 
this will be probably to open the tenth ash flue behind the firing and 
each fifth flue beyond that to the thirtieth flue, beyond which all the ash 
flues may be opened. When fifty flues have been closed, the firing opening 
of flue first fired may be opened. The bricks may be taken ont as soon 
as they are cool enough, after having first demolished the crose wall. The 
Jayer of earth may be taken from the top of firet flue after the fiftieth 
flue has been ‘closed, and the flat layer of bricks turned on edge so as to 
allow the bricks to cool. By this plan the number of flues loaded at a 
time will be— a 


-Barnt bricks cooling, all openings having been made,.. 2. ee 5 fines, 
Annealing flues, lower i ii here and there,,, 4. -. 80 


bd 
Firing, .. os PP, a a ce ae OO Bes 
Heterceniftriny iad chimney; es ee oe ee ee oo 8 - , 
as aaa! os is ae oe oe as 10 » 
Total We. 


ag Asi in the kiln there. sre 107 flues, the lading and aaa are. a 
. at thirty flues apart, | 
id, openings between part fring and hinmey shoal be. carl con ‘ 
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| Domen. 2: feet wide, are allowed in outer wall for every ten flues; 
they are midway between flue opening, and are closed as loading goss on. 
' : Tf these instructions be carefully attended to, I have no hesitation in 
saying, that the most inexperienced Engineer can, after a month or six 
.. weeks’ practice, burn bricks in asatisfactory manner. Once he has found 
| out: the rules that snit the particular fuel (almost any kind may be used) 
and clay. there is no need for departing from them, as the system reduces 
secidents to a minimum. 
If tiles are to be burnt, such as the 15-inch Jubbulpore or Allahabad 
tiles, the best position for them isin the place of the third, fourth and 
fifth (layers from the top omitting the flat). They should be in con- 
' oentric rows, the outer ones being at least 4 inches from the sides of the 
kiln, the other rows at least 2 inches apart. It is of no consequence that 
the rows of tiles are coincident with those of the bricks, in fact, with the 
large 12-inch broad flat tiles, this cannot be arranged, with half round or 
semi-hexagonal tiles, the rows may be coincident with those of the bricks, 
Fig. 1. three being locked together (Fig. 1). 
The setting of other kinds of tiles 


(WI must be decided on in each case by 
| Gee the shape. In the place of the 
Aina i i i 


kutcha brick chimneys which are 
oF of made with only loose bricks, I would 
ors” or 40 recommend three or four sheet iron 
chimneys, 12 feet high, the total area of their bases approximating to the 
area of the former, and tapering upward to about two-thirds of this area. 
They should receive two or three coats of tar before use; and to give them 
gs good bearing surface, angle-iron should be rivetted to their bases. I 
myself latterly used three chimneys of which the section of the base 
was = (Pig 2), of the top was (fig. 3); the eurved parts were each two 

. Fig. 2. Fig 3. 





whole sheets with their ends rivetted together, and bent to a snd -eitonlax : 
. shape, the. straight parts consisted of two sheets each cut asin Fig. 4; the 
» side pisses being the upper part, the middle the lower part (see Fig. 5): 
. Thetie however are hardly large enough. A better arrangement ‘would 
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a I think to have four chimneys, the straight parts the same but the | 
Fig. 4. 





: ? 


, 


-B2-¥ 





ends segmental, with the chords 20 inches 


sot-, (Fig. 6). The four could be comfortably 


got into the width of the kiln, Their cost . 
would be about Rs. 50 each. They would 


of course be very heavy, but asthe greater: 


part of the weight is at the bases (on, at- 


count of the taper and angle-irons) thereia 


no difficulty taking them down, removing - 
them, and setting them up again, Three 
or four layers of bricks should be set 
round them to keep them steady. When 
the operations are on a small scale it would 
hardly pay to use them, but when on 4 
large, as their cost would bear such a 
very small proportion to the whole cost of 
the manufacture, it would be advisable to - 
use them. Any arrangement for stopping 
the draught from coming from the wrong 
(or brick loading) side of the ey: will 
increase their effect. 

The word flue is used,—for the open-~ 
ings to or from the fire,—for the part 
where the fire actually is,—-and (there be- 
ing no chambers in the kiln), also fora sec- . 
tion of the kiln contained between two 
vertical transverse planes at the centre 
of two contiguous fines. Thus the ex- 
pression .“‘bricke” in flue No. 1j. mteans . 
bricks between centre line plane of firing 


Bue No. 1 and firing flue No. 2, The context will I think =e ina: 


_ sense in each case. 


| AGRA, 2S at 
28rd September, 1875. 
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PUNKAH FOR COOLING RAILWAY CARRIAGES. 
| : [ Vide Plate XLVIIL}. 


Designed by Mr. J. G. Cooks, Locomotive Superintendent, Oude 
and Rohilkund Railway. 


Ir will be seen from the Plate that the cooling is effected by means of a 
punkah or fan kept in constant movement by means of suitable mechanism, 
which will be understood from the following description :— 

The. centre of one of the carriage wheels XX is filled up with wood 
between the spokes so as to form a true surface on the inner side of the 
wheel against which the friction pulley Q is pressed by its owa weight by 
‘yeason of its axis TT being suspended by the frame UU from two pivots 
VV. The pulley Q is free to slide on the shaft R, but the shaft and 
and pulley revolve together. The governor ball 8, which is attached to 
a lever, passing through a slot in the shaft R, is so adjusted by the spiral : 
spring’ A as to yield to centrifugal force when a certain speed is exceed- 
ed, the pulley being actuated by the lever to which the ball is attached, 
‘ glides ‘on the shaft towards the carriage axle and is thus reduced in speed 
‘by coming upon a smaller diameter of the wheel's disc. In this way the. 
speed of the punkah, after the train has attained a certain velocity, is 
governed and made uniform although the velocity of the train may ey 
Sancereety: 

Motion is communicated from the shaft R to the hand wheel = a cat- 
gut band pessing round the pulley P, and over the guide pulleys QD and. 
stretching pulley N, the object of the latter being. to keep. the band, 
tight: The hand wheel B and the pulley which communicates by a strap. 
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with the shaft A together with a amall pulley with a V shaped. groore. 
are all in one casting and revolve freely on the spindle, the other pulley 3 : 
‘M which is worked by the catgut band is keyed to the spindle, By! — 
means of a simple friction clutch Y attached to the wheel Mand working 
in the V shaped groove, the whole can be made to revolve together or 
separately, and the hand wheel B can be turned at a greater velocity - 
than the pulley M without removing the pall or clutch Y, which is pressed _ 
into the groove by the spring Z, so that the cooly can commence working 
the punkah by hand as soon as the train slackens speed and before and 
during the time the train stops; after starting, he has simply to let go 
the handle, when the friction gear again takes up the work. When the — 
direction of the carriage is changed the friction pall Y requires to be re- 
versed, and the cooly as a matter of course must turn the handle in the 
opposite direction. | 

This system has, we believe, been worked with considerable suecess on 
the railway above mentioncd, but a simpler form has also been introduced 
there by Mr. Cooke. 

The trains on the Oude and Rohilkund Railway are nied and seldom 
require more than one upper class carriage; it was, therefore, necessary 
to have'an attendant to each carriage, and to work the punkshs by hand 
instead of connecting them with the carriage axle. This has been effect- 
ed by placing a flywheel and crank at the end of each carriage to be 
turned by the attendant, the power being transmitted through a connect 
ing rod from the crank to an overhead weighshaft, the shaft passing longi- 
tadinally through the carriages sufficiently removed from the centres-to 
lear the roof lamps, swinging punkah, &c. As the lever upon the weigh-. 
shaft is equal to or longer than the radius of the circle described by the 
_ erank, it is made to vibrate as the crank revolves, and this motion is 

communicated to each punkah by similar levers keyed upon the weigh 
shaft opposite to the punkabs, to which they are connected by s small rod; 
thus-the punkah makes one double stroke for each revolation of the wheal 
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° No. CLXXVI. 


PROTECTIVE RIVER WORKS AT DERA ISMAIL KHAN. 
[ Vide Plates XLIX., L., LL] 


Report by H. Garzerr, Esq., Exec. Engineer, on Special duty.—Dated 
Dera Ismail Khan, 26th November, 1862. 


In obedience to instructions, I have the honor to submit the following 
Report on the Indus Division Works, and the results attained in the 
attempt to change the course of the river. 

On arrival I strained every nerve to push on the upper bund (marked 
A in Plate L.) with utmost rapidity, and thus taking advantage of the 
low state of the river to make some impression on the stream before com~ 
mencing the cantonment defence spurs. In doing so, I was at first more 
limited by the number of boats which could be spared without interfering 
with the river traffic or the proper maintenance of the ferries, than by the 
paucity of laborers; but ata later period the necessity of cutting and 
gathering the harvest, and the return of the Povindahs to their mountains, 
deprived me of the majority of my workmen. The practice, however, of 
personally seeing that each man received his day’s wages for the day’s labor, 
enabled: me to secure # small but certain supply for only two and-a-half 
annas & day, when coolies could scarcely be secured in the station for the 
higher rate of three annas. - 

I was enabled to complete a double row of piles nearly across the wwitels 
-obannel, with the. exception of gaps left for the passage of boats, by the 
“middle of February, when the works were visited by His Excellency. the 
- Cotamanider-in-Chief, and shortly afterwards by the Chief Engineer. On 
VOL, E¥,e8ECOND SERINS., Ba 
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the completion of the third row, I began to throw in fascines with all the 


available boats, gradually raising the bund along the whole line to within 
three feet of the surface of the water, and afterwards ites leas | the same 
te the height of a foot or so above the water level. 

In spite of all the precautions I took, and the speed with which I 
worked, scouring took place here and there. In places the pent-up 
stream fairly burst the dam; in others, from the formiation of quicksands, 
an hundred yards or more of the bund, sometimes stakes and all, some- 
times only the fascines, would gradually, but too surely, sink before 
my eyes. The repair of these places was long and difficult, the river 
working ceaselessly day and night to enlarge them, whilst I had but the 
daylight to work in; thus, I often found in the morning that the result 
of several days’ hard labor had disappeared during the night. The 
whole of March and part of April were thus spent in completing, strength- 
ening, and repairing the main and lower portions of the bund, which, 
starting from two hundred feet from the edge of the sand bank on the 
right,—left for the navigation, but protected by the prolongation of the 
upper, the stakes of which only were driven,—stretched to the left bank. 

The results of these operations on the river were, that the discharge 
down the Rodi channel was greatly increased, both by the enlargement 
of the old heads, and the formation of new ones leading into it; and the 
decrease of the main stream, which, though still following the Dera chan- 
nel, was thrown with full force on the left bank, instead of clinging perti- 
naciously to the right, as heretofore, and threatening Dera with destruction. 

The river, which had gradually risen during March, rose more rapidly 
in April, partly swollen by the unusually heavy fall of rain during that 
month, and beginning to cover the sand bank on which the upper portion 


was to run, warned me that it was fully time to complete it.. This 


would have been done, but for the total failure of the old fascine con- 
tractors, and the necessity of sending every fascine that could be made to 
the cantonment defence spurs for their completion and repairs, besides 
holding a supply in readiness to meet any emergency that might arise. 


The upper portion was, however, cee within # sara of two bus- | 


y 


dred yards of the main. 


_ The cantonment-spurs were eee in March ii the immediate , 
veare of Lientenant L. D’A. Jackson, R,E., when the apper worksihed 


: materially told.on the stream, which, though deep and sluggish, : was stil. 
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strong enough to erode the banks. The rapidity with which crash followed 
crash aa the lamps fell in told me too plainly that the banks in their 
then unprotected state could not resist the violence of the stream, and I 
scarcely hoped to preserve the little margin remaining between the river 
and the grave-yard. 

Spur B was put in first to secure a shoal which had just formed on ‘its 
site, and was pushed out for a length of 520 feet. Having to bear the 
unbroken force of the stream, it required constant attention and repair. 
It was twice burst throngh before I put a breakwater in front of it. The 
breakwater floated capitally for a few days, and then gradually sunk, the 
branches and sprays of which it was composed collecting and retaining 
the silt formed a far better protection than the fascines originally thrown 
in front, as the latter gradually sunk into the soft mud until they left 
the front row of piles unprotected. 

Spur C soon followed. I placed it a little higher up than I otherwise 
should to give additional security to the grave-yard, which is within one 
hundred yards of the edge. It was prolonged for a distance of 580 feet, 
and gave far less trouble than I had anticipated from the great depth of 
water through which it was carried. 

Spur D was continued for a distance of 400 feet, and Spur E for only 
130, as the water beyond it was very deep, and I found that it gave effi- 
cient protection for some distance below the Commissioner’s, which, being 
the nearest to the river, was the most exposed house in the station. 

Tt was interesting to watch the protective influence of the spurs extend- 
ing further and further down the bank as they were prolonged into the 
stream. After completing the slopes, and protecting them with break- 
waters, not a lump fell in, though the long extended cracks in the soil 
showed that many pieces were detached and ready to give way. 

“The breakwaters afforded efficient protection from the cutting action of 
the surface water, and completely prevented erosion by the waves or ripples; 
bat not being sufficiently buoyant to float, they required constant atten- 
tion in: adjusting them to the rise and fall of the river. Bamboos, with 
their large air cells, would doubtless float, but I do not know of any aes 
| stitute with analogous atructure which could be used here. ; 
‘The floods ‘daring the past season were unusually high and severe. “The 
“fitet’ was ‘at ite highest on the 9th of June, three-quarters of which paseeil 
‘Phrough hie Rodi channel. The second great flood was at its greatest on 
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the 9th of July, but the river remained high and swollen for more than s 
fortnight; half of this I calculated passed through the Rodi channel. 
During the whole of August the river was flooded, and it only began to 
subside slowly in September, and only in the beginning of November 
were the cold weather channels fairly defined. 

The first of the two plans which accompany this (Plate XLIX.) vee 
the state of the river in August, and I have marked on it the course taken 
by the Steamer “'Napier” on her first trip up the river on the 14th of 
July. The current then ran so strong that though we left Dera at daylight 
we did not reach the point where the track terminates till noon. The 
second plan shows the present state of the river (Plate L). 

Though the flank of the Khuk Bund has been turned, and the upper 
portion destroyed, the course of the river has been totally changed, and 
the old bed near Dera has been so thoroughly silted up that, instead of 
being within 1000 feet of the Commissioner’s house, if is now more 
than 1500 feet away from it. One crop has already been reaped near the 
spurs, on the site of what a few months ago was deep water, and the 
ground has been again ploughed up and sown with grain. 

The greater portion of this is at present a mere sand bank rising between 
four and five feet above the present level of the water, parts are covered 
with a thick coating of rich mud, in others patches of grass and jungle 
are springing up; but so certain are the villagers of its all being finally 
covered with earth, and of its value, that they have long since laid claim 
to the recovered land,—such confidence has been inspired in the town that 
house-building, which had been long suspended, has now been vigorously 
resumed. 

I have carefully examined the course of the river for some twenty-five 
miles above the station, and for about ten below it. I find that the deep 
channels ‘in that distance lie now as uniformly on the left, as they formerly 
did on the right bank, and that the whole course of the river has become 
straighter, and the boatmen say that it has nearly resumed the line it 
took some ten or twelve years ago. The heads of the dangerous western 
nullah have been blocked up with silt, the course of the river generally _ 
lying one-and-a-half or two miles away from nen its bed, too, has der 
creased both in depth and width. = 

_, .The continued settlement of the spnre near cantonments’ in wena 
tively still water, demanding as constant a supply of fascines to. keep — 
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them up to their original height, led me to expect that but few traces of 
the Khuk Bund, which had no such renewal, would be visible on the sub- 
sidence of the river. The heads of a few piles appearing here and there 
above the sand indicate the lines of the main and lower portions. The 
shoal which has formed in front of it slopes away to the edge of the small 
stream that follows the former course of the deep channel. Near the vil- 
lage of Rodi, the old channel is upwards of one hundred yards in breadth, 
and twelve, fourteen, fifteen feet in depth. It continues thus for about 
two miles above the village, and thence upwards becomes narrower and 
shallower; but the bed has been immensely enlarged since Jast year, and 
appearances lead me to believe that the boatmen are right in thinking that 
the river is certain to resume that course when it rises next year. The 
present course being upwards of three miles from the cantonments, I do 
not recommend anything being done at Khuk. 

As far as I have examined the stream the operations have not interfered 
with the navigability of the river. Channels of five feet in depth being 
in existence. The steamers cannot, however, approach so close to the 
cant6nments and the town as they have hitherto done during the past 
season, instead of moving at the end of the road within five hundred 
yards of the VIth. Punjab Infantry Lines, and three-quarters of a mile 
from the city, they now stop about two miles from it, and in less than 
another month will not, I think, be able to come within three. The extra 
jand carriage thus entailed is looked on more as an assurance of safety 
than an evil. 

The drying up of so large a surface close to cantonments has, I 
believe, slightly increased the amount of fever; and the VIth Punjab 
Infantry being more exposed to it than the other Corps, has suffered 
most. To prevent the continuance of this, to ensure the silting up of 
the small channel, which still clings to the high bank below Spur E, and 
to save the further loss of land, which being so close to a large town is 
valuable, I would suggest the prolongation of Spur E, and the construction 
of two more Spurs F and G, to the length of five hundred feet each. 
The sand on their sites is hard, and the greater part at present dry; the 
amount of the estimate for their construction forwarded with this amounts. 
to Rs. 6,828, and includes the sum of Rs. 500 for renewing the break- 
| waters, ‘of Rs. 150 for continuing the slopes, and also allows for an 
establishment to attend to the breakwater fascines during the floods, 
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I have not allowed for stones, and: nly a small proportion of assis 
for repairs, as a large amount of both are in store, 

I do not recommend anything for the western nullah, This, ‘so ie 
as I can learn, has always been in existence, and hes not increased much 
of late in size. The great deposit of silt at its mouth, which must im- 
pede the flow through it, will naturally tend to rectify any increase there 
may have been in the past year or two. Sipe 

It would, I think, be advisable to retain a strip of the newly recovered 
land, one hundred yards in width, as a plantation, and to sow it with the 
seeds of the “‘ sisam” tree. The young trees would grow rapidly in the 
low rich ground, and besides being of ornament and value in a place so 
destitute of timber, would materially help in keeping off unhealthy exhala- 
tions from the river. 


Estimate for additional Spurs for the protection of the Cantonment of 
Dera Ismail Khan for 1862-63, 


7 BS. RB, 
0. 
1,200 Fascines for Spur E, at 6 annas each, os -- 450 
2,000 § , » » Fy ” o -- 750 
2,000 y 93 9 G, 99 ] ae ae 750 1,950 
score. 
370 Bullies, 16’ to 20’, at Rs. 30 per score, os -» 585 
1,000 » 12’ to 18', at Rs. 25 ‘ss oe eo 1,250 1,805 
1. ft. 
1,870 Of Labor, at Rs. 50 per chain, .. ss oo . 685 
No. 
5,200 Fascines, carriage of, at Rs. 10 per 100, .- oe 520 1,205 
e, ft. 
1,00,000 Excavation, at Rs. 1-8 per 1,000, .. oe “ 150 150 
No, 
50 Breakwater fascines, Rs, 10 each, oe oe ae 500 
1 Chowkeydar, for 8 months, at Ra. 6, oe ‘ 48 
Establishment ‘for raising Breakwaters for 6 months, aoe Oe 
at Rs. 15, oe os ae o¢ . oe $0. SS. 
| ate e rrr 
Contingencies at 10 per cent, oe ee as 515 
Grand Total, os +e: i" 6,225 
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Report. by Lusor. C. Hosxyns, R.E., Off. Exec. Engineer, Derajdt 
Division, to Supdg. Finguiees; 8rd Circle, Punjab.—Dated 12th nee? 
(1875. | 

. The attached plan (Plate LI.) shows the present course of. the river. 

The dotted lines show where the banks of the river were last March. From 

the map it will be seen that the river, from a point some four or five 

miles above the village of Khdén Khdt down to the old mouth of nullah 

B, in all a distance of some seven miles, has, since last March, cnt away 

the right bank to a considerable extent. The river carried away the 

village of Kacha Pind, which was situated about where the centre of the 
bridge-of-boats now is, and has encroached on the village of Khan Khat, 

a distance of nearly three-quarters of a mile. 

The mouth of the nullah B is at present silted up to a thickness of 
about three or four huudred yards; the remainder of the nullah remains 
in etatu quo; should the river cut away the small angle formed by its 
present course, and that of the nullah B, it would find a ready made 
channel, which would direct it on the cantonments, and this at present 
appears to be the chief danger. 

The old nallah marked D, through which the main body of water 
flowed last March, is completely silted up for the whole of its jens and 
scarce a vestige of it remains. 

The arrows on the map show the course of main stream, which has still 
a tendency to cut away the right bank; at present the river is very low, 
and but small portions of the bank fallin. The chief force of current is 
now concentrated on the bank just opposite Khan Khat, which slowly 
gives way to the action of the water. There are three prominent objects 
to be attempted — | 

. Ve To endeavor to train the cold weather channel back again in a 
| ‘more easterly direction. 

(2). To protect the mouth of the nullah B. 

(3). To place spurs opposite the cemetery and Commissioner’s house 

so as to protect that bank. 

_ Bor the training of the cold weather channel the following works are 
proposed Floating spurs are to be placed, as shown in Plate LL, at a and 
b,. :These two.are only intended as oold weather works, for they ara attach- 
éd to low sand banks, which will be covered when the river rises. ‘These 
pure, will be constracted as follows: 8 strong mnj cable of about ten 
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inches in circumference and about 800 feet long will be buoyed on casks, 
and closed at every twenty feet; when the cable is firmly secured, trees will 
be fastened to it with short mznj ropes passing through holes in their 
butts. Large trees to be placed in deep water, and the smaller ones in 
shallow. The direction of these floating spurs with that of the current - 
will make an angle of about 150°. | 
These works will not be expensive ; for when the 

S river rises considerably, or when they are having 
no more effect on the current, the trees, barrels 
and cable can be taken away on boats and used 
for the other permanent spurs. 


" 
3 N The spurs at 3 and 4 will consist of trees ihren 
, \ in in a line, each tree being anchored, This work 
will be continued until the structure rises up to the 


level of the bank. 

As trees are not very abundant, the two spurs 2 and 3 will be made of 
piles driven in at intervals of five feet, in two rows six feet apart ; fascines, 
six of which will be lashed together to form a small raft, will be thrown 

O05 © 8 O58’ O 
6’ 
V 
05 O97 OF O 
in between. The water here is not more than seven feet in depth, so that 
piles of eighteen to twenty feet in height will be long enough. 

As before stated, the chief object of these two spurs will be to defend 
the mouth of the nullah B. | 

The length of the two floating spurs a and 5 will be about 250 feet; 
those at 3 and 4 will be 600 feet; those at 2 and 8 will be about 350 
feet. 

In March the river begins slowly to rise, and a small channel, which 
leads down towards the corner by the Commissioner’s house, becomes 
navigable. Here two spurs would then be commenced; for fascines, 
which would now be carried by land, could then be carried by boat to © 
near the site of the proposed spurs : and this would effect a great reduction. 
in cost of material, without affecting the scheme for protection of the - 


| PLATE L 
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station, as the water will not rise sufficiently to come down the anes B, 
should it ever do so, until the beginning of June. 

‘The actual construction of spur 5 commenced yesterday; some delay 
was necessarily caused in collecting materials, especially that of stone, 
‘which bad to be brought from a place some 40 miles up the river. 

A large quantity of fascines has been made, also rope, cables and frame- 
work for stone anchoring; a pile driver has also been rigged up, and piles 
collected. The works will now proceed rapidly, as material in abundance 
is at hand; work is being pushed on with the utmost vigour. 


Extract of letter from Mason-Genu. J. D. Campsnii, Supdg. Engineer, 
3rd Circle, Punjab, to Secretary to Government, Punjab, Public Works 
_ Department.— Dated 25th January, 1875. 

Lieutenant Hoskyns's proposals appear to be judicious; but he is wrong 
in stating that the main stream last year went down the channel D; the 
main stream was in the broad course marked by dotted lines. The spur 
“made last year near the village of Kachi Pind appears not only to have 
caused the silting up of the mouth of channel B, but also the throwing 
up of the low bank below the mouth, where the dotted lines show that 
the main stream ran last year. The set of the river at the mouth of old 
channel B is now evidently towards east bank. The cutting which is 
reported between the village of Khan Khat and the bridge-of-boats 
appears to be the greatest evil at present, and I think it would be ad- 
visable to try and revet this bank with trees laid along a, as well as to 
form the proposed spurs at 5 and 4; the spur b would be more effective, 
if thrown back against the high ee and formed on the low sand bank 
in much the same relative position to what it now occupies. 

There should be more of the pile aud fascine spurs at the main bank 
opposite cantonments than the two proposed. In undersigned’s opinion 
there should not be less than four, and all against the main bank. The 
actual cutting which occurred last year below Commissioner’s house is 
not shown, as the dotted lines stop just where the cutting began. 

J. D.C, 


From Mason-Gent. R. Mactacan, Secy. to Government, Punjab, P. W. 
D., to Supdg. Engineer, 3rd Circle, Punjab. =o Dated 15th February, 
1875. 

“Lieut, Hoakyns’s proposals appear right. But the Exec. Engineer, 
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Major Thorold, who has now joined, will exercise his discretion in making. 
any modifications which the state of the river may show to be necessary. . 

The objects of the works now in hand, or to be undertaken, are correctly. 
stated by Lieut. Hoskyns in his letter. And the mode of executing 
the works seems, so far as a judgment can be formed from the mep and 
clear description furnished, to be suitable. 
_ It appears still desirable, as before suggested, with the view of directing 
the stream, if possible, while it is low, away from the right bank, to make 
an endeavor to close the channel at 4, where Lieut. Hoskyns’s second 
spur is proposed ; and by a spur at the south end of the island, placed as 
may seem best according to the form and height of the island at the time, 
to help the current eastward. But the mode of doing this, and the useful- 
ness of having such a spur at all, it must be left to the Exec, Engineer 
on the spot to determine. The Supdg. Engineer also will soon be at 
Dera Ismail Khan. 

With reference to the Supdg. Engineer’s proposals about the spur 5, 
Lieut. Hoskyns has explained that it is a low-water spur only. ) 

The revetting with trees of the bank between the village of Khan Khdt 
and the boat-bridge would be a large business, and costly; and it is 
doubtful whether it would be so efficacious as the other arrangements 


proposed. 
R. M. 


Report by Mason &. G. Tuoroup, R.E., Exec. Engineer.—Dated 15th 

March, 1875. 

On arrival at this station at the end of January 1875, the river was 
cutting away the west bank at the rate of about 20 feet daily. I found that 
to prevent this two spurs (now marked 4 and 5, Plate LI.) above bridge 
had been commenced, formed of trees, and below bridge two fascine spurs 
(marked a and 6 ) were in course of construction to protect the mouth of 
a channel the river took last year, flowing almost directly on to the station, 
but which had silted up for about 200 yards inland from the present bed 
of the river. Sn 

Accompanied by Lieut. Hoskyns, R.E., who was then in charge of 
the Works, I went up the river and carefully examined it, and decided on 
placing spurs as now shown, viz., Nos. 1, 2, 3,.in addition to Nos. 4 and 5 
already commenced, which arrangement was approved of by your Office 
Jetter No. 616 of 12th February, 1875, | buat 
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‘Mode of forming Tree Spure,—These spurs were commenced in water, 
varying in depth from twenty feet to fourteen feet, and were constructed 
as follows :——viz., a warp was made fast to an anchor laid out in the rivera 
little beyond the end of the intended spurs, and some 50 feet or more above 
the line of spur, the other end being made fast on the bank some distance 
above the spur. A tree with anchor and cable was placed on the boat, and 
the boat was then warped out from the bank by means of the warp alluded. 
to, and when opposite the place where thetree was to be placed, the anchor 
was let go, the shore end of the warp slacked off, and the boat allowed to 
drop down with the current, until at the place where the tree was to be 
thrown in ;—where it was then thrown overboard, the cable from the anchor 
having been previously attached to the stem. Where the length of the spur 
admitted of the arrangement, two boats were employed, one loading, while 
the other discharged its cargo. The anchors were formed of a frame-work 
of wood, as shown in the sketch, 
covered with coarse netting of 
grass rope, and then filled with 
stones; each anchor contained 
about thirteen maunds of stone. 
The trees were put one on top of 
another until the spur rose above 
the level of the water: one 
portion of the spur being com- 
pleted before another portion 
was commenced; and when any 
gaps occurred, as was constant- 
ly the case owing to the lower 
course of trees settling down ia 
the sand, these gaps were at once 
filled up. It was attempted to economise the number of anchors by at- 
taching two-cables to one and buoying the second, so that one anchor might 
serve for two treos, but in practise this had to be given up owing to the 
difficulty of obtaining buoys of sufficiently floating power ; and on consid- 
eration and careful watching the work, it was deemed better for the 
general security of the work that each tree should be firmly kept in ‘posi- 
tion by ite own anchor. : 

Fascine Spurs below Bridge.—At first a double row of piles were driven 
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with a distance of six feet between the rows, in the direction of the spur. 
These piles were driven about ten feet into the sand, and were eight feet 
apart from centre to centre. 

Fascines.——The fascines are made twelve feet long and one foot in dia. 
meter properly made on fascine horses, and choked with chokers exactly 
similar to those in use in field works. Three fascines were bound together, 
and let down between the piles, and when in their place a second lot of three 
bound together and placed, thus. making up the six feet between the piles ; 
ropes were attached to each lot of three fascines and brought up to 
the surface of the water, (their use will be mentioned.) As soon as 
the length of the spur had been layed with one course of fascines, a 
second was placed, breaking joint with those previously put down, and 
the ropes from the first or bottom course were passed through the second, 
and so on, until the work came above water, when the oo were bound 
together. 

It was, however, found that the bund lost its shape and intermediate 
piles were driven to try and support it. Finding, however, that notwith- 
standing all the trouble taken, the piles became very loose, so much so 
that in many cases I could move them easily with one hand, it was resolved 
to discontinue the use of piles and adopt another course. A boat was 
fitted up with two derricks, one fore and one aft, and a platform, as shown 
in sketch, of sound timber con- 
structed between the derricks, 
the ends 6, 3, 6 projecting over 
the gunwale of the boat and at 
a,a, the tackles from the der- 
ricks were attached. On this 
platform six fascines were plac- 
ed longitudinally, firmly bound 
together, and the space be- 
tween filled with stone, making 
a level surface; on this a second 
layer of specially made short 
fascines were placed transverse- 
ly and treated in a similar manner, and then a layer of longitudinals, the 
whole being firmly bound together, a cable was then passed round the 
whole raft and attached to an anchor, the boat warped out to its place, 
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anchor let go, and then when the boat had dropped down to its proper 
position, the iackles attached to the derricks and platforms manned, and 
the latter being lifted up at an angle, the raft slid off by its own weight 
and settled in its place. This is practically found to be the readiest 
method of forming these spurs. 

It ig further proposed, and included in the estimate submitted, to con- 
struct two more fascine spurs on what is at present dry land at or about a 
place marked B’, in Plate LI, so as to protect the bank near the Commis- 
sioner’s house, should the main stream again this year find. its way down 
this channel. 

Effect of the Spurs.—The work was commenced on the 15th January, 
1875, since which time a very large accumulation of silt has formed be- 
hind each spur, and the west bank between No. 1 Spur and the fascine 
spurs has quite ceased to cut away. On one occasion, I noticed that a 
large quantity of earth had fallen in at the spot where No. 6 Spur is placed, 
due more, however, to the cffect of rain acting on old cracks than from 
the action of the river; but as the ground is low here, and is the mouth of a 
swall water channel, it was deemed advisable to protect it by means of a 
short spur, since which time the bank has remained secure. Above No. 1 
Spur the cutting has also ceased, but this bank is very sandy, and is ex- 
posed to the full force of the current, which flows in the direction shown 
by the arrows; it is, therefore, as I suggested on the occasion of your 
visit, better to erect another spur at the point marked A 1, and I would 
urge the fololwing reasons :— 

lst.—The main force of the current impinges directly on this bank, as 
shown by the dotted line, and the bank between No. 1 Spur: and 
A 1 is very weak being loose sand. 

2nd.—Although the island marked A is rapidly cutting away, part of it 
being now under water, and the remainder cutting rapidly 
away (from 10 to 20 feet daily), it would, I think, be a great 
assistance to this, if the stream was diverted towards this 
island at a higher point than it is now. 

Srd.—Though, as stated in the first reason, the main stream follows the 
course of the arrows and dotted lines, still there appears to be a 
likelihood of the river changing its course and coming to the 

west side. The old course of the river D has silted up, and 
: the water is shoaling daily; judging by sounding made, since 
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the work has commenced, a new channel, with from 4 to 10 feet 

of water, has been formed throngh the sand bank OC, and is now 

used by boats; and the upper end of this sand bank is alao cut- 

ting away as has been shown on the tracing. These changes 

would seem to indicate a change of direction in the current, and. 

to meet this and counteract any tendency to cut in behind Spur 

No. 1, as also to protect the bank, suggests that No. Al should 

be placed. | 

My first idea was to attack the river at this point, but T hesitated to do 

so on account of the expense; at that time there was 30 feet of water, and 

after giving much consideration to the matter I thought it better to begin 

lower down the stream. However, I am now of opinion that the work 

should be done, and am, however, glad to say that nothing has been lost 

by the delay, but, on the contrary, as owing to the formation of the new 

channel through the sand bank, much silt is accumulating about this point, 
and the depth of water is reduced to 18 feet and less in some places. 

In accordance with your verbal sanction, I have directed Spur Al to be 


commenced. ‘ 

Judging from the direction of the sma!l channels formed through the 
island A, there is no doubt but that the effect of the spurs already con- 
structed has been to throw the current towards the opposite bank. 

Below bridge the two fascine spurs have accumulated a very large amount 
of silt behind them, and I think will protect the mouth of the channel 
they are placed to protect. I have not as yet fully considered the actual 
position of the spurs to be placed near the Commissioner’s house, as the 
other portion of the work was so very much more important ; but am 
collecting material for the work near the site, and will give this portion of — 


the work equal consideration with the other part. 


Estimate framed by Mason R. G. Toornotp, R.E., Haec. Engineer, of 
the probable Cost of constructing Spurs on Indus River at Dera 
LTemail Khan. 

This estimate provides for the proesten: of the — of Dera 


Ismail Kh4n from the River Indus. : 
The river was cutting away the right (or eat bank at the rate of 


twenty feet daily, towards the end of January, and to avoid this, seven 
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spurs, formed of trees lashed to stone anchors, are being thrown out in 
the positions marked on the plan. 

‘Spur No. 6 was found to be necéssary to protect the bank, where 
it showed signs of weakness from the effect of the back water from No, 5, 
and also to protect the mouth of a small nullah. 

Spur No. Al was verbally approved of by the Supdg. Engineer, on 
the occasion of his visit to the works, and has been found to be necessary, 
as the current impinges directly on the bank about this point, and from 
there to Spur No. 1 flows close to the bank, which is very weak here, 
being nearly all fine sand. 

The depth of water in which the work is carried on varies from twenty 
to fourteen feet, and though when a spur was first commenced, the water 
might be shallower at a little distance from the bank than it was close to 
it, still it was found practically the depth of water continues much the 
same along the length of the spur as that at which it was at first owing 
to the scour. 

It has been found necessary to repair the tree spurs from time to time 
as the lower trees settle down deeper into the sand, and then more have 
to be added to fill up the breaches. A provision has accordingly been 
made in the estimate for this, as itis anticipated that when the river 
rises, these repairs will necessarily be more frequent. 

Although the rate shown in the estimate per running foot for tree 
spurs is more than that for fascine spurs, it is in reality far more economi- 
cal to employ trees above bridge for the following reasons :— 

(a). On account of the depth of water a very large number of fas- 
cines would be required to bring the spur above water, and 
then the rate would rapidly increase “above the fascine 
spur” rate in the estimate, the difference of depth of water 
between the two places being about 12 feet. 

(6). The difficulty of obtaining a sufficient supply of brushwood, and 
the price would rapidly increase with the length of lead from 
where it is cut to the works. 

Below bridge, two fascine spurs are placed to. protect the mouth of a 
channel (B), through which the river ran last year directly on to the 
_ Station, but which has now silted up, and it is of importance to protect. 
this natnral dam at the mouth of this channel as much as possible, 

It is further proposed to place two fascine spurs on the bed of this 
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channel (now dry land) at or near to the point marked B’, so as to divert 
the current should the river enter this channel again; and for the same 
reason, and also to protect the bank, it is proposed to place a fascine spur 
near the Commissioner’s house, as this portion of the bank was cut away 
last year. | 

The exact position of these spurs has not yet been definitely deter- 
mined upon, but they are shown near to where they are to be. It is 
intended to postpone the construction of these spurs for the present, until 
there is more water in the small channel shown near the Commissioner's 
house, because at the present transport of material to this point would be 
very expensive, whereas by a little delay water-carriage will be obtainable. 

The effect of the spurs, as far as they have been made, has been to 
prevent the bank cutting away, and to cut away a great portion of the 
Island A, thus showing that the direction of the stream has been 
diverted. Silt is also rapidly forming behind the various spurs, and where 
there was ten fect of water behind No. 5 at the end of January, there is 
now only as many inches. 

Working against such a great and varying force as the River Indus, 
and with banks of such a fragile material as loose sand, it is impossible to 
estimate exactly what the cost will be; and I cannot state positively that 
this estimate will cover the cost of the work; but at the same time 
judging from repeated observation of the set of the current, I am of opinion 
that from No. 1 Spur the force of the current is being diverted, and that 
there is every hope that the stream may be so changed during the present 
season, that when the river rises the additional volume of water may take 
the new course that is being made for it; and that the river will entirely 
change the direction in which it was flowing before the work was begun. 


SPECIFICATION, 

The tree spurs to be made at the points marked on the place, and of 
the lengths prescribed. 

Each tree to be firmly secured by a stout cable of grass rope by its butt 
to an anchor made of a wooden frame covered with grass rope net and 
filled with stone; each anchor to contain about thirteen maunds of stone. 

The anchor to be dropped some distance in front of the spur, the dis- 
tance varying with the length of cable and depth of water, but alwdéys so 
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far in front of the bund that when the tree is placed in position the cable 
will be nearly taut. When the anchor is placed the boat in which the 
trée is, will drop down-stream, until at the place the tree is to occupy ; the 
tree tiien to be placed in position. 

The spurs are to be brought up above water before being lengthened, 
t, ¢., the bottom course of trees are not to be put in first, but continued as 
the spur rises above water, so as to form a protection to the bank as rapid- 
ly as possible. 

Whenever any breaches occur in the spurs owing to the settlement of 
trees, or other causes, they are to be made good at once. 

The fascine spurs will be constructed of rafts attached to stone 
anchore, and placed in position from boats; the rafts being placed so as to 
break joint as much as possible. 

The fascines for the fascine spurs are to be constructed of good long 
brushwood ; they are to be made on fascine horses, and properly choked by 
means of fascine chokers, until they are one foot in diameter, and are to 
be well and securely bound. 

Their length is to be twelve feet, excepting some specially made about 
six or seven feet of the above diameter, the use of which will be described 
hereafter. 

The rafts are to be constructed as under :—Six longitudinal fascines are 
placed close together, and firmly bound together. The spaces between 
them being filled in with stone, thus making an even surface; on this a 
row of short fascines to be placed transversely, the spaces on the upper 
side being filled in with stone, and then another course of longitudinal 
fascines placed on, and the whole securely bound together. A cable is 
then passed round the raft and secured to a stone anchor. 


Abstract of Cost. 
ft. . BS, 
2,725 Tree spurs, at Rs, 7-8-0 per foot, oo me is ee 20,438 


| No, 
2,000 Fascine spurs, at Rs. 4-15-0 each, ee ve eo «=: 9,875 


For keeping the spurs in repair up to Mey by re-placing 
trees a de those put in hand sunk, . ee os 2 7,800 





Add Contingencies, at 5 per cent, .- oe «©, 986 


" Grand Total Rupees, ». 40,069 
- Mee R. ; G. Te 
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EXPERIMENTS ON CEMENTS AT BANGALORE. 


[Seconp 


Concluding Report of Experiments on Madras Cements and Limestones. 
By Surczon E. Nicuotson, B.M.S., on Special Duty, D. P. W. 


Bangalore, 30th September, 1874. 

Experiments on the relative adhesion of mortars to brick and 
to stone.—-In the former series of experiments adhesive strength was 
tested only with regard to bricks; but I found that these, although of 
excellent quality, often yielded under a strain insufficient to rupture the 
mortar by which a pair was united. At 300 tbs. to 400 tbs. on the 
crossed bricks (17 to 22 tbs. per square inch) the bricks peel somewhat 
at the moment of rupture. Above 400 ibs. the bricks, weakened by a 
month’s immersion in water (often for the second or third time), are liable 
to break off outside the joint; sometimes the strain will tear a large 
piece out of one brick, the joint standing perfect. This generally occurs 
between 500 ths. and 540 ibs. (28 to 30 ibs. per square inch). Being 
therefore unable to ascertain the maximum strength of mortars requiring 
& greater strain than the bricks would stand, I had two dozen pairs of 
bricks cut out of the burnt stone (gneiss) of Bangalore, and of the same 
breadth as the clay bricks. With these I was able to test the strength 
of the best cements. I was somewhat surprised to find that the adhesive 
strength to stone was invariably greater than to brick; the proportion 
varied with different compositions, but was on the average 1:7 to 1. This 
rule holds good in the case of the weakest sand mortar as well ag in that 
of the strongest soorkee or Portland cements. 


* N.B.~For ‘ First Paper,’ ste No, OKLYV1., Professional Papers of Indian Enginsering, Vol. Iv. 
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On the best waysof using mortars of sand and fat lime—lIn | 
para, 14 of my lxst Report,* I stated that “the hardening of this mortar 
being entirely due to dessication, it is not necessary that the bricks should 
‘be soaked in water * * * saturation of the bricks is positively detri- 
mental ; it is sufficient if they are dipped into water for a few seconds im~ 
mediately before laying.” I have since made some experiments on this 
point :— 

Taare I, 

Adhesive strength of joints made with mortar of—~1, shell lime paste; 2, 

sand. Means of five trials. 





wet: | Di thoh 
Ibs. 

ee fal mortar rather aes ee ee or ee 89 21 
B.— do. 57 a1 
C— De do. but the ets dashed with water from a 

pot, ae oe 67 3:7 
1D.—Bricks soaked 10 ‘seconds, mortar rather stiff “a A 82 45 
Ee Da, 2 hours, do. ee ee 56 31 
F.— Do. 2 hours, drained J hour, do.,. ies oe ee 67 37 


PLEATED 








ES ADILEMLY CANDO RIAD ATI TRAIN SARE EMOOPLTEC: CED on GummEASIE 





G.—Stones wetted, do, 2 of «8 eo ef e+ | 186 7-2 





These experiments show that the opinion I ventured was correct, the 
best results being given when the bricks were soaked for a few seconds 
only, the next best when wetted in the fashion usual with careful brick- 
‘layers. However, bad is the best with mortars of this kind. 

On the necessity of keeping hydraulic mortars wet-—The for- 
_ mer series of experiments included numerous examples of the great 
advantage obtained by the immediate immersion of joints made with 
mortars of fat lime and soorkee. The rule did not hold good in the case of 
mortars made with moderately hydraulic lime and soorkee, but it was invari- 
able in the case of fat lime even when the joint had the advantage of 
being made with bricks already saturated with water. The following 
series illustrates this point, one of considerable importance in practice. 
The sample of mortar was not a good one, but the relative strength of 
the series is not affected by this. | 


ge Vids page tt of No, CKLVI , Vol. IV., Professional ieee aliases 
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Tasis IT. 
Adhesive aaa of brick joints made with—1, shell lime paste ; 1, soorke, 
after 28 days. 
ae 
ated 
A.—Bricks dry, mortar rather thin,.. a oe ee wa we | 14 
B.— Do. dipped in water 1 minute do., « oe eo ee se 23 
C. — Do. saturated, do. ee ee ee ee 6°7 
D.—Same as C., but immediately immersed, ‘ae os ve oe 167 


Perfect immersion, though beneficial, is not absolutely necessary, If 
the bricks C had been kept moist for a month they would have given 
results nearly as good as D. 

I also found that brick joints immersed at once gave better results 
than those kept 24 hours in air before immersion. Stone joints are not 
so much affected by dryness, the porosity of stone being so small that the 
joint retains its moisture much longer. It has frequently happened that 
joints kept in air have shown nearly as great strength as the immersed 
joints; but for once that this happens I have found five times that the 
dry joints are much weaker than those which were kept immersed. 

On the best proportions for mortars of fat lime and soorkee 
to be usedin masonry and brickwork.—lIn Article No. CXLVIL,, it 
will be seen that the strength given by different proportions of shell-lime 
paste and of soorkee from Sappers and Miners bricks was as follows :—- 











Taste III, 
Composition of Cement, pees A | = act 
the. fhe. per 
satiaxe taal siaate ial. 
1 me aste, 1 soorkee ee ee es oe 20'5 63. 
te ee * . | Wat OL 
Do. 8 en o@ ee oe ae 17 to 27 ; 95 
Do 4 ee eas 10°} 114 
Do. & ee oe eo ee oe 9 BO 
Do. 7 ee ee ee ; ee Ge 5 87 
Do. 10 oe es oe oe ee 44 | 50 


The results obtained with three parts of soorkee were exceptionally good, 
while those given by one part and by two-parts were exceptionally low, 
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hence a discrepancy. I therefore made a fresh series of experiments, and 
found that while the adhesive strength remained very fair with as much 
as five parts of soorkee, yet that it diminished with each increase. The 
tensile strength, on the contrary, increased with the proportion of soorkee 
up to five parts. Asthis question of the best proportion of soorkee is mixed 
with that of the substitution or the addition of sand in these soorkee ce- 
ments, I give the experiments on both in one Table (IV). 

The brick. joints were immersed at once and tried after 28 days; the 
brickets were immersed after one day and also tried at 28 days of age. 


Tasie LV. 


NEAT eae Ck- |CKMENT WITH KQUAL 
NT, Aer OF SAND. 























Sa ahead Adhesive | Tensile | Adhesive | Tensile 
strength. | strength. | strength, | strength, 
pe eqn | ag ineh lag toe 

1 Lime paste, 1 soorkee, .. ee oe | 82 130 20°8 144 
1 do, 1} do., oe wee | 169 145 s9 | 120 
1 do, 2 do., ce wee | 188 130 v1 116 
1 do. 8 do., ‘eae | 125 1*| 156 

— Kean, ee cane ee 132 ee 134 


From this table it will be seen, 1st, that adhesive strength, though good 
with all proportions within rather wide limits, yet decreases with an addition 
of soorkee beyond one part; 2nd, that the adhesive strength of these mix-~ 
tures diminishes still more rapidly when they are diluted with sand; 3rd, 
that for tensile strength the proportion of soorkee is immaterial; 4th, that. 
the tensile strength is on the average fully as good when the cement is 
diluted with sand as when it is used neat. 

Another set of experiments showed that a half-part of soorkee is too 
small a proportion, and confirmed the inference to be drawn from ae 


| “eau i nither bow. It may tise to as mnch as 11°2 Tbe. (ses page 287), but ab this point the 
strength is yery capricious. 
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IV., that the adhesive strength is affected by the addition of sand in pro- 
portion of the quantity of soorkee. These experiments were made with a 
kunkur lime very slightly hydraulic; the joints were tried after 28 days 
immersion, 











Tape V. 
SOORKRE CEMENT 
Neat erg 
mortar. Neat. bccn per 
gand. 

tbs Bs. per Iba, 

sq. inch, { 8q. inch, { sq. inch. | aq, inch. 

Stone. 

Lime paste, neat, a a6 re sig 3°8 ses - < 
Do, ] sand, ee es ee @e 2°7 ee e 
Do. 2 do., ee ea ee ee 78 ee se a6 
Do. 4 soorkee, we ee ee 133 | o76 | 19-4 
Don: “Edo, "sé. 4s. we. . sell? se 293 | 59:3 | 156 


From these last two tables, the following practical rules may be de- 
duced :— 

(a).—The best soorkee cement for masonry is made with one of soorkee 
to one of lime paste (or an equivalent quantity of slaked lime ; 
after 28 days under water it is stronger than the best bricks, 
and with stone it stands a disruptive force of nearly 60 tbs. 
per square inch. 

(5).— When rapidity of setting is an object, the proportion of soorkee 
can be increased to two parts; this proportion causes quicker 
setting, but with some loss of strength. 

(c).—When economy is an object, the cement made with one of soorkee 
to one of lime paste may be diluted with an equal volume 
(14 parts) of sand; the mortar will be as strong as good 
bricks. | 

(d).—-When greater economy is an object, especially in the case of 
rubble masonry, where a great quantity of mortar is used 
and the work is more of the nature of concrete (requiring 
tensile rather than adhesive strength), two parts of soorkee 
may be used to one of lime paste, and the cement dilated 


with an equal yolume (23 parts) of sand. 
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_ (¢).— Where the rubble masonry is required to be specially good, two 
proportions may be used :—one lime to one soorkee for Jaying 
the stone; one lime, two soorkee, two and a half sand for grout- 
ing; the latter of course to be filled in before the jelly is 
placed in the interstices of the stones. 

| (f).—The latter proportion, one lime two soorkee, diluted with an 
eqnal volume (two and a half) of sand, may advantageously be 
employed where the bricks are of inferior quality. It is still . 
much stronger than ordinary country bricks. I prefer throw- 
ing in the sand after the lime and soorkee have been mixed 
together in the mill with a full quantity of water. 

(g).— When the lime is more or less hydraulic, the foregoing propor- 
tions still hold good. There is some advantage in the lime 
being hydraulic, as the adhesive strength of the soorkee ce- 
ment which it yields is less dependent on moisture than isthe 
case when fat lime is used. For superstructures, a soorkee 
cement made with fairly hydraulic lime gives pomane the best 
guarantee of strength. 

On the use of Soorkee cement for concrete and for plaster- 
ing.—It has been seen that the greatest tensile strength was obtained 
by the use of three or four parts of soorkee to one of lime paste, and that 
this cement would bear dilution with an equal (three parts), or even more, 
of sand not only without loss of tensile strength, but even with positive 
gain, besides acquiring hardness. I would not, however, advise greater 
proportions than three of soorkee to be used, as beyond this limit the ce- 
ment becomes soft; nor more than an equal volume (or perhaps a volume 
and a half) of sand in dilution. The proportions I have mentioned, one 
lime, three soorkee, three sand, may be taken as the standard when the 
lime is fairly rich. When the lime is meagre or slightly hydraulic, the pro- 
portions of soorkee may be reduced to two with advantage. The standard 
proportion gives a tensile strength (after 28 days, of which 27 in water) 
of 127 Ibs. per square inch, according to the experiments in Article No. 
OXLYL., or even more in the present series. The mean tensile strength 
of the four compositions given in Table IV. is 184 lbs., the most econo- 
mical of them being the best. This strength is little inferior to that of 
Portland cement diluted with an equal volume of sand, and far superior 
to that of the more diluted mixtures ordinarily used. 
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For work in large masses, sach as foundations or large blocks of arti- 
ficial stone, I can see no objection to the use of this concrete mortar in 
any place where the material can be procured. But for thin work, such 
as plastering, there is an objection, though not so formidable a one as 
would at first appear. There is no doubt that soorkee mortar plastering 
has a great tendency to crack; this can be in a great measure, if not en« 
tirely, obviated by keeping the surface constantly wet, and by good work- 
manship; yet these precautions are often inapplicable. However, I have 
not found much practical disadvantage in this respect; I admit that 
cracks are unsightly and impair the water-tightness of walls, but they 
can generally be avoided in hydraulic works where impermeability is most 
important, or in the interior of buildings; and in work exposed to the 
sun, such as the outer plastering of a building, they are of little con- 
sequence, and are filled up when the walls are whitewashed or colored. 

I have used this mortar in making terrace roofs; they are lighter than 
those made with common mortar, as only two or three Jayers of tiles are 
required ; they do not get saturated in wet weather, and much less timber 
is needed to support them, not only from their lightness but also from their 
strength. In many cases the timber is principally useful as a centering, 
and could be in great part removed after three or four weeks, If I may 
be excused giving my experience on a part of the subject which is hardly 
within my professional competence, I would submit the following examples 
of work done with this mortar :— 

(a).—I made a verandah to a stable, it is 36 feet long, 7 feet wide; 
supported on the outside by four stone posts and bearing on 
three bressummers of jungle wood, each 19% feet between the 
supports, and of very light scantling (4 inches deep, 3 inches 
broad). The rafters are bamboo, the reapers junglewood. 
The roof is 2 inches thick, composed of two layers of flat 
tiles, the upper layer laid in and covered with the soorkee 
cement mortar. 

(6).—I also made an experimental arch, 10 feet in span with 10 inches 
rise; it is flat above, being 12 inches thick at the haunches 
and 2 inches at the crown. Its width is 2 feet; it abuts on 
two piers each of 2 feetsqnare. The middle half of the arch, 
where it is less than 4 inches thick, is made of mortar alone 
(one lime, two soorkee, three sand), the remainder of concrete, 
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two volumes of gravel with one of mortar. Owing to the 
thinness of the arch, and either to my neglect of protecting it 
from the sun by a covering of wet sand, or perhaps to some 
‘settlement in the piers, two cracks appeared, one across the 
crown, another at a foot and a half on one side of the first. 
These cracks were cleaned out to the depth of one-third inch 
and filled with Portland cement and sand; and a few days 
afterwards (one month after the arch was made) the centerings 
were removed. It was then seen that the cracks extended 
right through the arch; yet there are no signs of weakness 
and it supports a weight of 1,000 lbs. on the crown. 

(c).—The impermeability to wet of plastering made with this mortar 
is so good, that brick in mud walls are perfectly protected 
by it, even when exposed to constant wet. 

Small cisterns in earth, made of brick in mud, half a brick thick, 
and plastered inside with this mortar, can be filled with water 
within a few hours of the plaster being polished. 

(d).——For floors and walls of bath-rooms this mortar is well adapted ; 
it does not become saturated with water; it is always clean, 
and as a floor it lasts much longer than the ordinary mortar. 

On the best way of using mortars of sand and hydraulic lime. 
~—In the foregoing observations I have referred principally to soorkee ce- 
ments made with fat lime, such as that obtained from shells, from Cud- 
dapah stone, from chalky kunkur, &c., (see page 396.) 

Where hydraulic limes are procurable, there is of course less advantage 
in the employment of soorkee cement mortar, except from economy, and the 
use of sand mortar then has advantage in certain circumstances, Sand 
mortars of hydranlic lime doubtless deteriorate by keeping, and by having 
to be beaten up again when required for use, though to a less extent than 
soorkee cement mortars.* Sand mortars also require less moisture during 
setting ; they do not demand such skilled labor or so much supervision. 
Moreover, good hydraulic lime ie often procurable very cheap in parts of 
the country where good soorkee may not be obtainable except at a consider- 
able cost. For these reasons sand mortar is sometimes preferable to 


* Where the work does not require any very great strength, ng in the case of plastering, or of 
‘grouting for rubble masonry, soorkee cement mortar may be kept for as much as a week without not’ 
able detziment In this case, the mass should be broken up and allowed to dry rather than to set, 
| to that the pawder can be beaten up agedn with water when required. 
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soorkee cement mortar, especially for petty works. To give an example, in 
Bangalore excellent hydraulic lime can be procured, but at a high price, 
1 rupee to 14 rupee per parah; as soorkee can be made very cheaply it 
will still be economical to use soorkee cement mortar. But 20 miles away 
the same lime may cost only kalf a rupee, while it is difficult to ensure 
good soorkee being used: water may have to be brought from a long distance, 
and supervision may necessarily be irregular. In this case there is mani- 
fest advantage in using sand mortar, of course on the understanding that 
the lime is up to a certain hydraulic standard. This standard I place 
at the ability to set within seven days under water when tested by Vicat’s 
needle, (B. in Table VI). 

But whatever combinations be used in making mortar with hydraulic 
lime, I would recommend that the usual method of slaking and beating 
the lime be abandoned. The hydraulic limes from kunkur stone are 
usually so little homogeneous that the nodules may separate, when slaked, 
into flakes of fat lime and cores so strongly hydraulic as to be incapable 
of slaking. The latter are separated by beating and usually rejected as 
‘kuppy’. I need hardly say that I am supposing the lime to be well 
burnt ; and since paying attention to the subject, I have found, as far as 
my small experience goes, that the Indian lime-burner works very honestly. 
Any quantity under 10 per cent. of carbonate remaining in a lime may be 
taken as moderate, and I have never found this number exceeded in a 
Bangalore quick lime; 4 or 5 per cent. is the more usual number, These 
facts, which I obtained since using the calcimeter regularly on every 
sample of lime burnt or bought, are in correction of my remarks on the 
nature of kuppy in Article No. CKLVI., page 68. The cores, when 
hydrated and left to the action of the air, soon become carbonated and 
simulate a refuse of badly burnt and very meagre limestone, 

The following experiments illustrate the ill-effects of the usual treat- 
ment of bydraulic lime. The specimen was the common lime of Banga- 
lore, bought from the bazaar; it is made from a good clayey monear, and 
had in this case the following composition :— | 


Silicates, ee os ee ve ee 40 
Carbonate of lime, oe ie we . 88 
Quick lime, 2° ee os ee ee (512) 


When the lime was slaked and beaten, the kuppy was found to aia 
10 per cent. of carbonate. 
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Taste VI, 


Adhesive strength, neat ; 


Cal 
Setting days; with the h, 
jad neadlek: bricks 28 days 


8 lo 











imm 
A. B. | ©. 

Lime slaked and beaten free of kuppy,, 8 18 | 24 | 2 lbs. per square inch. 
Kuppy alone, ground, o+| $F 2 24 | 25°4* 
Lime slaked ground with kuppy, | 8 15 28 2 
Lime ground quick and then s aked, 3 4, 7 | 196 

he same, with equal volume of 

kuppy added, os a ec 1 2 3 | 27°6* 


From these experiments it would appear that the proper way to obtain 
the full hydraulic properties of the lime is to grind it quick and slake it 
afterwards. Slaking it and then grinding it yields very poor results; I 
surmise that the kuppy when hydrated already is incapable of exercising 
any influence over the remainder of the lime, but if distributed through 
the lime before slaking its full effect is obtained. 

From some experiments on a large scale, I may state that there appears 
to be no practical objection to this plan of grinding hydraulic lime before 
slaking. The quick-lime is ground in the common lime mill and sifted 
through a 12-mesh sieve; it may now be left heaped under cover; it 
slakes spontaneously without any loss of hydraulic properties and absorbs 
carbonic acid very slowly. When the sand to be used is dry I would 
recommend that the lime thus ground be at once mixed with it (two or 
even three parts) and left until required for mixing. One advantage of 
this plan is that the lime is less liable to be stolen. 

Absorption cf carbonic acid from the air affects a heap of ground 
quick-lime very slowly ; some Bangalore quick-lime ground very fine and 
Jeft undisturbed in a bucket was found after four months to contain the 
following proportions of carbonated lime :— 


At the surface, .. es ee oe ' 92 per cent. 
One inch below, .. oe Ss oe B52 yy 
In the middle, .. ee os 48 =, 


Some of the same lime kept in a bottle contained 4°6 per cent. of 
carbonate, The lime left in the bucket had increased in volume by about 
one-half; when reduced to paste it gave out but slight heat, being nearly 
completely slaked ; its hydraulic qualities were present as when it was fresh, 


* The bricks broke off at this strain, joints standing good. 
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On mixing the materials for soorkee cement mortar.—If the 
lime is fat and slakes freely, leaving little or no ‘kuppy’ except foreign 
matters, it can be slaked and mixed with the soorkee, the mixture being 
kept until wanted. The volume of lime after slaking is rather variable, 
and as the paste is taken as the active volume of the lime, it is needful 
to ascertain how much of it is equal to one part of paste. The 
following examples show the quantity of slaked lime and paste obtained 
from some typical limes. All, except the first, were measured ground ; 
110 parts quick lime ground are roughly equal to 100 or 120 of it 
in lump. 


TasiLe VII. 





Ge in Kind of Lime, | Quick, | Siaked, Paste. 





1:06 | Shell lime (fat) not ground and underburnt, 100 200 183 








1:05 | No. 13 (slightly hydraulic), oe oe 100 252 132 
‘91 » 16 (slightly hydraulic), oe oe 100 210 144 
91 » 26 (fair hydraulic),  .. ee oe 100 200 108 

104 | Bangalore (fair hydraulic),..  .. es 100 149 100 

} No. 75 (good hydraulic), .. ee 100 112 88 
96 5» 2 (very strongly hydraulic), . oe ee 100 ill 63 


Roughly speaking the fatter a lime the more slaked lime and paste 
does it produce. Quick lime ground gives more slaked lime than when 
slaked in lump; but the quantity of paste will be the same. 

Fat lime slaked in lump, 1 paste = 14 slaked or 3 quick. 
” ” groud,1 , =2 ” 3 ” 
Hydraulic _,, gy Oe. op ee OC 

If a hydraulic lime is to be made into soorkee cement, it may advanta~ 
geously, though not necessarily, be treated in the same way as for sand 
mortar. The ground lime is mixed with the proper proportion of soorkee 
and left heaped under cover until required. If a fairly hydraulio lime, 
one part of ground lime (which is about equal to its volume im paste), is 
mixed with two parts of soorkee for concrete, rubble masonry or common 
brickwork, with one part if for the best masonry or brickwork. When 
required, three parahs of the mixture are placed in the mill and mixed 
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along with a sufficiency of water. If wortar be required, then to the 
mixed cement two to three parahs of sand are added, according to the 
quality of the work. 

When the lime is fat and slakes perfectly. there is no object in grind- 
ing it before slaking; one and a half part of slaked lime (equal to one of 
paste) can be mixed with two or even three of soorkee if for concrete, with 
one of soorkee if for fine brickwork or masonry. When required for use 
three parahs of this mixture are taken, mixed in the mill and sand added | 
if required. 

I prefer to add the sand after the cement has been mixed. If the mor- 
tar is for concrete, it is impurtant that it should be as stiff as possible, 
and this stiffness is attained by mixing the cement with sufficient mortar 
to temper it well and adding the sand afterwards. When the whole 
of the materials are placed in the mill at once, much more water is 
required, and the mortar is generally too thin fog concrete. There is 
no difference in the strength (tensile) of the concrete whichever way it is 
made (see next section). When the ground quick lime and soorkee have 
been kept together as I have suggested, it is advisable to mix them well 
into paste before adding the sand in order to ensure perfect slaking. I 
have never found any defects from this possible cause, but it is a rea- 
sonable precaution to take. After the sand is added very little more 
mixing is required. 

But I have reason to believe that, while tensile strength is not affected 
by the addition of sand being made before or after the mixing of the cem- 
ent, or by rough mixing, the adhesive strength is often seriously affected. 
In carefully conducted experiments on a small scale, the effect of sand is 
often capriciously detrimental to adhesive strength, and on a large scale 
the risk of reducing it should be avoided as much as possible. In the 
experiments detailed in page 388 with a sand mortar made from soorkee 
cement, containing three parts of soorkee to one of fat lime, the tensile 
strength was as nearly as possible the same under both conditions Of 
mixture, but there was a considerable difference in the adhesive strength 
of the mortar. When the sand was added after the mixture of the 

cement into paste the brick joints broke at 170, at 198 tbs., giving a 
mean of 208 tbs., or 11-2 tbs. per square inch. When the sand was added 
to the dry ingredients the adhesive strength was 120 ibs., 156 -ths., 0. 
Even eliminating the last, as possibly an accident, the mean is 188 tbs. 
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or 7'7 tbs. per square inch. I must say that both were good, much 
better than the standard results given in Table IV. But the effect of 
sand or adhesive strength appears to be very capricious, 

The following case in practice iliustrates this point. The mortar used 
in building the additions to the Division Cutcherry at Bangalore was 
made thus:—Baskets of slaked kunkur lime, of broken brick and of sand, 
in equal numbers, were thrown into a steam” mortar mill, along with a 
sufficiency of water; and, as the mixing was done with great rapidity, in 
less than five minutes the batch of mortar was taken out, apparently well 
mixed. The composition of this mixture mayfbe taken as 1 lime-paste, 
13 soorkee, with 14. or somewhat less than a volume of sand. The tensile 
strength of this should be about 116 tbs. per square inch, the adhesive 
strengtb at least 9 ths. per square inch (Table IV), The actual results 
obtained were as follows :— 

Tensile strength, 28 days in air, 247 ths., or 110 ths. per square inch. 
Do. do. in water, 252 fbs., or 112 ths. do. 
Do. 118 days in water, 353 ths., or 148 Bhs. do. 
Adhesive strength, 28 days in water, 110 Ibs., or 5-5 tbs. do. 

Now the tensile strengthis very fair, 112 Ibs., being a close approximation 
to the strength given in the standard experiments, showing how little the 
mode of mixture affects tensile strength, but the adhesive strength f:5 
instead of 9 or more is decidedJy poor. In fine, I consider that it is better 
to add the sand after the lime and soorkee cement has been thoroughly in- 
corporated, with the requisite quantity of water. 

On the proportion of actual strength to the tensile strength 
obtained with standard brickets of mortar.— When using my lever- 
testing machine, I take care that the weight is drawn along the lever at a 
regular speed, so that the increase of strain is equal ; it is generally at the 
rate of 5 Ibs. per second, perhaps somewhat qnicker in very strong speci- 
mens. The following experiments were made with brickets of soorkee cem- 
ent mortar to ascertain what proportion the actual strength of the mortar 
bore to the breaking weight The composition of the brickets was :— 

Shell lime slaked 1 | == paste 1 
8. M. brick es ee . 8 yi oe 
Sand (vol. = vol. of mixed cement) 2% 1 sand. 
They were 28 days old, of which 27 under water. 
First series. —Sand added after mixing the cement. — 
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Mean 311 fbs., or 138 fbs. per 


B. m pubes square inch. 


C. i 326 tbs, 
The mean breaking weight being divided into tenths, three other brickets 
were tested by a portion of the strain at first, the remaining tenths being 
added at intervals of time. The following were the times during which the 
increasing strains were supported :— 
Bricket D. stood for 10 minutes, -5 of the mean breaking weight. 


| Bricket A. breaking weight, 314 wt 


” ‘ 19 4, more °6 ” ” 
” 10 yy yy 7 ” ” 
2 1 yy 5» 8 ” ” 
9 3 oy yy 69 


79 93 


Total 58 minutes when it broke. 
iricket E. stood for 3 minutes +75 of the mean breaking weight. 


» FF. 20 4 7 ” ” 
as 20 = 4, more ‘75 - re 
” 22 yy =» «6°8 ” ” 
” 13 4, 5, 8d ” ” 


Total 1 hour 15 minutes when it broke. 
Second series.—Sand added to dry lime and soorkee. 


Bricket G. breaking weight, 284 tbs. 
| Mean 306 ibs., or 136 ths. per 


H. ” 317 tbs. square inch, 
I. ‘i 317 tbs. 

Bricket J. stood for 5 minutes ‘6 of the mean breaking weight. 
ms 18 hours °75 ‘3 9 


Total 18 hours 5 minutes when it broke. 
Bricket K. stood for 14 hours _-6 of the mean breaking weight. 
” 1$  ,,more -75 ” ” 

Total 8 hours when it broke. 

It would appear then that the breaking weight being 100 when attained 
rapidly, 60 could be supported for at least twenty-four hours perhaps longer, 
and 75: for a time varying between three minutes and eighteen hours, 
The tenacity appears to be favored by a slow increase of the strain. It is 
probable that the permanent strength of this mortar would be little short 
of 50 per cent. of its breaking weight. 

‘Experiments with Limed Soorkee Mortar.—I have not had time 
to parsue my experiments on cement made with the improved, or limed, 
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soorkee, but such further experience as I have had shows the value of this 
puzzolana where quick setting and hardness are required, 

A.—Soorkee made from blue clay treated with 20 per cent. of lime. A 
cement made of one shell-lime paste two soorkee set hard (c needle) in 
sixteen hours. It gave the following results :— 

Adhesive strength after 1 day’s immersion, 2:2 tbs. per sqnare inch: 

‘; 28day’s sy, 25 Ibs. _—,, (bricks broke), 
» stones 28 ,, 48 Ibs. :; 
Mixed with equal volume of sand. 
Tensile strength after 28 day’s immersion, 156 tbs. per square inch. 
¥ 3 118 .,, 3 201 tbs, - 

B.—Soorkee made from common brick clay treated with 10 per cent. of 
lime. 

A cement made with one shell lime one soorkee gave an extraordinary 
rapidity of adhesion. 

Adhesive strength after 1 day’s immersion 5:8 ths, per square inch. 

or " 28 day’s . bricks broke at 25 tbs, 
Mixed with equal volume of sand. 
Adhesive strength of bricks after 28 day’s immersion, 28-7 (bricks broke). 
9 » stones 3 ‘3 49:5 tbs. per square 
inch, 

From pressure of time I had to discontinue the experiments. 

Experiments with Lime and Clay (twice-kilned cement).— 
Further experiments with this cement show that it has no advantage over 
the soorkee cements except in quick setting under water. It sets fully (¢ 
needle) within 24 hours, and in the same time attains an adhesive strength 
of 4°5 to 4'8 ths. per square inch. Its ultimate adhesive strength is not 
better than that of the soorkee cements; moreuver, it has the disadvantage 
of being unable to bear dilution with sand. It also has a very poor ten- 
sile strength whether neat or mixed with sand. Its quick setting under 
water is counterbalanced by a loss of strength when immersed at once. 

I tried the admixture of magnesite before burning, but the results were 
not encouraging. ae 

On a process for revivifying Portland cement and rendering 
it quick setting.— Having a large number of broken brickets of Portland 
cement (neat) lying about, I burnt some on top of a charge of limestone 
in my furnace, for different lengths of-time, between six hours and twenty 
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hours. The burnt cement, ground and sifted, was found to be possessed 
of extraordinary hydraulic energy; while the original cement when new: 
set in the folluwing times :—A. six hours, B. (Vicat’s needle) ten hours, 
C. 16 hours; this reburnt cement set hard in less than 10 minutes. Two 
months after burning, the weather being also very damp, about 20 minutes 
were required for setting. I made some brickets from the reburnt cement 
when new, not without difficulty, for it set hard before I could tamp it 
and get it out of the moulds; and I found that the strength, compared 
with that of Portland cement, was as follows :— 
Seven days old (6 under water), 28 days old (27 under water). 

Juondon standard, 178 ibs. per square inch. 

Original cement, 181 tbs. - 219 tbs. per square inch. 

Reburnt cement, 91 tbs. Pe 153 tbs. 

It appears that this cement follows the usual rule of quick setting being 
obtained at the expense of strength; however the strength, though poor 
at a week old, is very satisfactory after a month. There are many cases 
where a considerable sacrifice of strength may be made in order to obtain 
guick setting, for example in tidal works or in stopping springs. 

It is probable that by using the caked portion always found on opening 
casks of Portland cement (which has been estimated as a wastage of 10 per 
cent.) or cement which has become unserviceable through age, this quick 
setting cement could be produced very cheaply. The damaged cement 
could be mixed with water made into bricks and burnt in a kiln in the 


usual way. 
I found that specimens burnt for different lengths of time were equally 


good, provided they were not clinkered. The burnt cement grinds easily, 
no more powerful means than that for grinding soorkee being required. It 
should be sifted through a 48-mesh sieve and kept in air-tight packages. 
Bat it would be well to keep the bricks and burn them only a short time 
before the cement is required for use. 

Results obtained in the examination of limestones from the 
difierent districts of the Madras Presidency.—With a view to 
conciseness, the list appended to this report has been drawn up accord- 
ing to a scheme of description giving — 

-1et.—The physical character of the stone ; 

2nd.~—The chemical character ; 

aac) probable or actual character of the lime yielded. 

Vi SECOND SERIES. 33 
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Of these three heads of description, the last is the most important when 
the character of the stone can be determined by actual experiment on the 
lime obtained from it. Such a procedure would, however, demand a 
heavy outlay of time, when several hundreds of stones have to be ex~ 
amined, each stone requiring on the average two or three days’ work. 
But experience shows that attention to the physical appearance of the 
stone with a short chemical examination will give such preliminary imfor- 
mation as will render experiment on the burnt stone unnecessary, except 
in the case of specimens promising good results. These are unfortunately 
bat few in number, and the information obtained onder the first two 
heads, or even under the first alone, eliminates at Teast nine out of ten 
specimens under examination as not being sufficiently promising to repay 
the labor of burning and practical trial. 

Determination of physical character.—The use of the following 
terms enable the physical description to be given coneisely :— 


Morphiem. | Consistence, | Form of deposit. Hardness. | Color. 


Crystalline -- {Compact (Rock a. .. {Intensely hard | White. 
Splintering oe Honeycombed Boulders . -\Very hard ..|Boff. 
Semi-crystalline..|Mammillated {Masses (irregular; Hard .. (Grey. 
Almond-like ..|Conglomerate [Marly lumps _ ..|Friable .. {Pink. 
Amorphous __ ../Geodic .»|Nodules*.. -- (Soft - |Red. 
Chalky (or ay: Sub-geodic ..|Incrustations® ..jRotten .. (Greenish. 
Clayey .. nfaceous .. SG oe Ochreous. 
Sandy ee os oe oe oe Mottled with 
mica. 





_ Examination of the numerous specimens sent from all parts of the Presi- 
dency show that they may conveniently be referred to the following types :— 
I. Chalky or Marly Kunkur.—Sometimes found as soft marl, 
more often as rounded lumps of chalky appearance, or less soft, of amor- 
phous texture. Sometimes this passes to marble having an effloresced 
and somewhat crystalline appearance; the marly kind passes to the semi- 
crystalline type. The lime yielded is generally fat. 

II. Clayey Kunkur.—Nodules or inerustations, mulberry-like oY 
mammillated, with very distinct central cavity (geodic), hard but brittle, 
grey to dark slate color, fracture conchoidal, amorphous and. dull, the 
cavity generally lined with a fine granular layer, Yields more or less hydra~ 
ulfc lime according to the degree in which these characters are present. 


‘® Nodules or incrastations when not larger than road metal or large gravel are known as hunter. 


EXPERIMENTS ON OEMENTS AT BANGALORE. $98 


aL Tufaceous Stone.—Irregular masses, of loose and pumiceous 
texture, perfectly amorphous, light and friable, white or buff color. When 
the silicates amount to upwards of 30 per cent.: as is frequently the 
case-in this type of stone, the lime yielded is of strongly hydraulic 
character, only differing from a true cement by its comperaisye slowness 
in setting. 

IV. Semi-tufaceous Stone.—Similar to the preceding; but the 
character, especially the lightness, less marked. Tends to the semi- 
crystalline type. Quality depends on the amount of silicates present, 
but if these be the same as in the preceding type, the lime yielded is equal- 
ly good. 

V. Amorphous Compact Stone.—(enerally large boulders or 
masses of dull granitoid fracture. MRarely homogenous, and yielding 
usually a lime which is fat or but slightly hydraulic. Sometimes it is of 
rotten structure, not to be confounded with the friability of tufaceous 
stone. 

VI. Semi-crystalline kunkur boulders or masses of stone, 
Generally honeycombed, mammillated or conglomerate, occasionally geo- 
dic, of more or less semi-crystalline structure. Color various, often dark 
grey or red. Contains much quartz, felspar, decomposed gneiss and black 
mica. Garnets, chlorite, asbestos or lepidolite (golden mica) often present. 

The lime yielded is generally fat or only slightly hydraulic. As a rule 
no quantity of silicates less than 20 per cent. gives it the slightest hyd- 
raulic properties, 

VII. Almond-like Magnesian Stone “Paloday”.—In boulders 
or compact masses. Intensely hard, fracture dull and almond-like, color 
yellowish white, frequently with patches of white magnesite visible. Al- 
ways more or less magnesian. Yields fat lime devoid of hydraulic pro- 
perties. Called in Tamil paloday from its milky or creamy color. 

VIII. Semi-crystalline Splintering Rock.—In large compact 
masses or slabs (Cuddapah stone). Intensely hard, splintering with a clean 
fracture, grey to bluish black. Usually yields a fat lime, and, if much 
silicates (80 per cent.) be present, a meagre rather than a hydraulic lime. 

IX. Napa Stone.—This is the name (Telugu?) given to a variety 
of the Preceding ; it has # rather smooth feel and fibrous texture. ‘Yiglds 
fatlime. — 

X. Marble.—The marble of Southern India is a kind of calcapar, 
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resembling alabaster rather than daa (saccharoid) marble, It is 
pure and yields a perfectly fat lime. 

AI. Shells or Coral, — Yields a perfectly fat lime. 

I consider that all these, with the exception of the last, are forms of 
carbonate of lime dissolved by, and deposited from rain water. The car- 
bonate of lime (and of magnesia) dissolved by rain water out of weathered 
gneiss and other metamorphic rocks is deposited in the lower parts of 
valleys. The marley deposits harden and assume in time a i 
form, varying according to the following circumstances :-——~ 

(a).—lIf pure they may crystallize into marble. 

(6).—If magnesian they assume the almond appearance of paloday. 

(c).—If mixed with mica and other debris of gneiss they become sems- 

crystalline kunkur. 

(@).—If mixed with clay they shrink in drying and form the rounded 
septarious nodules of clayey kunkur. 

Chemical Examination.—The analysis of a limestone is an opera- 
tion requiring a well appointed laboratory and skill in chemical manipula- 
tion. Even when a complete analysis is not required, when we only want 
to know the amount of silicates and of magnesia present, the operation by 
ordinary good methods is difficult and tedious.¥ Or even the. simplest 
kind of information, the determination of the amount of silicates (and 
sand) remaining after solution of the limestone in muriatic acid, is too long 
for performance in an extended series of investigations. I have devised 
a method by which a complete analysis can be done in little more than 
the time usually required for the determination of silicates; and when 
the percentage of silicates is alone required, I do it indirectly by means 
of the calcimeter; the process takes but a few minutes and is of consider 
able accuracy. The original form of the instrament was devised by a 
German Chemist, Mr. Schiebler, for the determination of carbonate of 
lime in the spent bone black of sugar refineries; it was a rather compli- 
cated piece of apparatus, but I have simplified it considerably, indeed so 
much that I constructed two instruments with the aid of a carpenter and 
such materials as are ordinarily found in laboratories. 

® In every treatise on limestones with which I am acquainted, the analytical processes laid down 
are very inecourate, without any compensation in simplicity or in rapidity of execution. The 
Authors are not responsible for this; the chapter on analysis being generally quoted, or contribated 


bag Snot at eee Bae nek Dee 0 Pee tna Ct Veneng Se precoene ss oe epee 
the special character of the inveatigntions. 
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I purpose taking an-early opportunity of giving a full description of 
the calcimeter and its use in the examination of limestones and limes, in 
accordance with the intimation conveyed in G. O., 5th August 1874, 
No. 2156; it will be sufficient at present to state the principle of its 
action. If the carbonic acid gas be expelled from a carbonate by the 
action of muriatic acid, and the quantity of gas be measured, the equi- 
valent amount of carbonate of lime can be ascertained. Now, if we operate, 
first on a weighed quantity of pure carbonate of lime, then on an equal 
quantity of limestone or other impure carbonate, any deficiency in the 
quantity of gas evolved from the latter (as compared with the quantity 
evolved in the sfandard experiment) must evidently be owing to the pre- 
sence of impurities and be proportionate to their quantity. The character 
of the silicates can be approximately judged by the appearance of the in- 
soluble residue. They may be sand, mica, clay, silica, &c. The percent 
age amounts of silicates given in the descriptive list were usually obtained 
by the calcimeter. They were frequently checked by other processes and 
found to be accurate. 

Determination of the character of the lime yielded by a 
specimen of limestone.—Great mistakes would be made if the lime- 
stones of Southern India were judged solely by their chemical composition, 
Most of them are anything but homogeneous, and specimens containing 
as much as 20 or 30 per cent. of silicates may yield a lime slaking with all 
the energy of fat lime and totally devoid of hydraulic properties. The 
reason of this is that few of them contain clay, the silicates being the 
more or less fine debris of metamorphic rocks. Yet, on the other hand, 
it is found that specimens equally devoid of clay but containing a quan- 
tity of silicates (of very sandy appearance) which would theoretically 
render them quite meagre, furnish excellent hydraulic lime, even cement, 
é. g., the tufaceous stones. 

As a rule the quantity of silicates required to impart hydraulic proper- 
ties is far greater than in the case of the European and American cements 
of which analyses are recorded. It may also be taken as a rule that the 
limes yielded by Indian limestones do not show the meagre quality which 
one would expect from the quantity of inert silicates present. The great 
variation in composition also produces much practical inconvenience ; 
for a lime which is, on the average, of good hydraulic quality may be 
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separated, on slaking, into fat lime and a residue of strongly hydratlic 
lime incapahle of slaking. 

It was only after considerable practice in experiments on the lime 
yielded by different qualities of stone that I could venture to depend on 
the appearance of the limestone as indicative of its quality, though aided 
by a knowledge of its chemical composition, Even with considerable ex- 
perience errors may occur; they are, however, on the safe side, for it ia 
hardly possible to pass over a limestone possessing hydraulic properties, 
the error being always in taking for hydraulic a limestone which is simply 
meagre or non homogeneous. The physical appearance of limestones, 
combined with a determination of the percentage of silfcates, will then 
be sufficient to eliminate those specimens which are not promising, and to 
point aut those which are deserving of final experiment after burning. 
The following table shows the type and chemical character of limestones 


‘yielding limes of the different degrees of hydraulic energy :— 


Classification of limestones according to the quality of the lime yielded on 
burning. 











Quantity of the Lime, Type of Stone. | Chemical Character. 








j Shell or coral, .. as : 
Perfectly fat, .. Marble, .. 
‘Almoud-like stone (paloday. jis 
Chalky kunkur, . 


; } May contain as much aa 90 
‘Amorphous compact stone, oe 


per cent. of silicates and 


Fat or slightly h 
gay Ay- yet behave as fat limes 


draulic, S 
plintering rock, . a every respect. 
Napa stone oe ee ee P 

. ; \ May contain 20 to 40 per 
| ae sie ane peng 
ontainin er cent, o 
Meagre, .. a ee stone, o- “1% silicates Lee A ield a lime 
3 Splintering roc oe as containing one-half of sili- 
| cates which if inert would 

) render it meagre. 


Containing 10 to 80 per cent. 
of silicates, the degree of 
hydraulic energy varying 


Semi-crystalline stone or kankur, 


Slightly to fairly }|Amorphous compact stone, .. 





hydraulic Splintering rock, o aniline ta ha 
’ mogeneity 
Clayey kunkur, +. = 4. s. nature of the silicates, &c. 
Sandy kunkar, .. ne ve pia crt 30 to 60 per cent. 
te 
Good hydranlic, .. < |-y ss ean aba 
ayey kunkur, .. be ee eee ee 
Tufaceous stone, we es Containing 20 to 80 per cent. 
Strongly hydraulic { |Claycy kunkur, .. “i os esata upwards of 80 
‘to cement, oy fel stone, os - per cent. of silicates. 


| 
; 
: 
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It may be said that with the exception of some rather rare sandy kun- 
kurs, the only limestones giving really good results belong exclusively 
to two or three types, viz., geodic clayey kunkur (analogous to the sep- 
taria from which the so-called Roman cement is made) and the tufaceous 
and semi-tufaceous stones containing a large percentage of silicates, 
I may, however, mention that other types of hydranlic.stone may pos- 
sibly be found hereafter, but it is probable that the specimens sent 
to me would only exceptionally include any found not to yield a slak- 
ing lime. The few really good stones which I have found have been 
sent to me either without remarks or with remarks that they are bad 
or inferior, and I should not be surprised if a large number of cement<— 
stones were discovered if bad limestones were specially required from 
the Indian subordinates who possess a knowledge of local mineral pro- 
ducts, | 
When the physical characters of a limestone, or its physical character 
combined with the amount of silicates, indicated that it possessed hyd- 
raulic properties in a notable degree, the specimen was burnt. Where 
numerous investigations are carried on, an assay furnace with a muffle 
would be very useful for burning a number of small specimens at a time, 
but, under the circumstances of the present experiments, I found a fur- 
nace of the following construction to answer well :— 


The furnace was 13 inches square in horizontal section, and 2 feet 
8 inches high from the fire-bars to the top, exclusive of the ash- 
pit. It was closed by a lid of iron, faced with clay and paddy husk, 
working on hinges, and readily lifted by means of a pulley overhead and 
& counterpoise. At 8 inches above the fire-bars the furnace was divi- 
ded vertically and equally into a back grate, for the reception of lime- 
stone and into a front firespace. The floor of the grate was formed 
by iron bars or a perforated fireclay plate, the front by a grating of 
half inch square iron bars; these require renewal after about a dozen 
barnings. 

The grate was 1 foot 4 inches high, just above it was the flue. By 
this contrivance the limestone could be kept in its place while subjected 
to a red heat for any length of time. 

The fuel used was coke and charcoal loaded at the top. The fire was 
: usually lit-at 5 v. m, and kept low all night; in the morning it was al- 
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lowed to burn well till 6 r. x. when it was let down ; next morning the : 
kiln was cool enough for the lime to be drawn. “Pe 

I usually worked two furnaces ; in each were three specimens of ‘ee | 
aaa separated from one another and from the walls by terrace tiles ae 
above the limestone, specimens of puzzolana could be burnt. 

When the lime was drawn, a sample was tested by the calcimeter, and 
if it contained not more than 5 per cent. of carbonate, was considered 
well burnt. It was powdered in an iron mortar, passed through a sieve 
of 30 meshes to the inch, slaked and finally reduced to paste. A portion 
of the paste was pressed into a small chatty (of 2 inches diameter) and 
immersed in water. The remainder was mixed with an equal volume of 
sand, and with this mortar pairs of bricks were joined and standard 
brickets moulded. If the specimen was obviously a cement stone, its 
adhesive atrength was tested without sand being used. 

The tests for setting were made by means of loaded needles— 


A. A needle of y, inch diameter at the point loaded with 3 Ib. 
B. Vicat’s needle +, inch do. do. 10} oz, 
C. A needle of yy inch do. do, 1 Ib. . 


The first and third were very useful for limes showing an extreme of 
fatness or hydraulic energy, and were found to give results consonant 
with those of Vicat’s needle. Thus a lime supporting Vicat's needle 
after six days’ immersion would usually support needle A in three days 
and needle C in nine days. 

The adhesive strength test was also of great practical value. The 
pairs of bricks joined with a mortar of lime paste and sand in equal parts 
were immersed at once and tried after four weeks, and after one week if 
strongly hydraulic. I found that the addition of an equal quantity of 
sand obviated some failures in adhesion, while it did not detract percep- 
tibly from the strength attained in four weeks. It was not however 
necessary in those limes which contained so much silicates as to be a 
cemente, | 

The syetem on which limes were divided by Vicat seeing to their 
' tapidity of setting under water requires some modification before it can 

be applied to the case of Indian limes. The following age shows = 
- division I have found most applicable : to on ae 
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Setting under water Adhesive atrength lbs. per 
Quality. Blaking. Vicat’s needle. square inch after 





1 Day. | 1 Week. | 1 Month. 
Fat, as .. (Energetic ; volume|Never sets and will 
increases to 2 at| be washed away in 
least; volume of] time if the water 
paste 1} to 13, is renewed, es os oe 


Meagre, .. e-|Energetic, but theiNeversatisfactory,| .. es a 
volume increases 
to not more than 
&, 


Slightly hydraulic, |Energetic ; volume|15 to 30 days, ; 2 Ibs, 5 lbs. 
increases to 1} or 


2, 


Fairly hydraulic, Do. do., ..j/10tol5 days, .. ; 2, 5lbs.|5, 10 Ibs, 
Good hydraulic, ../Languid ; volume! 5 to 10 days, ..| 2 Ibs. | 5, 10 1bs./10, 201bs. 
increases to not 
more than 14, pro- 


duct lumpy, 

Strongly hydranlic,|/Hardly slakes un-| 2 to 5 days, —..|2,3 1bs./!0,15 1bs.!20,30 Ibs, 
less powdered pre- equal to 
viously, Does not the best 
heat much, bricks. 


Cement, .. .-|Little or no heatiLess than] day, |3,5lbs.| Do. Do. 
even when pow- 
dered, 


It should be observed that a lime may be meagre and yet hydraulic; the 
meagreness arises from a large quantity of inert silicates besides the 
small quantity which are active. 

[In the original Report is a long and very complete descriptive list of 
specimens of limestones sent for examination, 511 varieties from the 
P. W. D. officers of the Madras Government, and 92 sorts sent by the 
Madras Railway Company and Madras Irrigation and Canal Company: 
and also a summarized description of these limestones. It would take up 
more space than can be afforded in this periodical to publish these des- 
criptive lists, but they can be consulted by those interested in the subject 
and requiring detailed information on the qualities of the Madras lime- 
stones in the “Proceedings of the Madras Government, Public Works 
Department, 10th December, 1874.” A copy of these Proceedings is kept 
in the Thomason College Library, Roorkee.—Ep. ] 
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Abstract of Limestones examined. 





Perfectly Fator Fair togood| Strong 
District. : piightly |“hydraulic. | hydraulic, | Total. 

Coimbatore, »« ee i 36 1 4 41 
Malabar, es ee eo 2 ee ee 2 
Salem, oe oe 7 $l 8 ee 41 
Tanjore, es ry 3 22 6 es 81 
Madura, a ee 8 41 4 1 54 
Tinnevelly, .. oe ee 18 3 oe 21 
Trichinopoly, a 3 45 | 1 (2 ?) 51 
South Arcot, oe ee ee 9 1 oe 10 
Chingleput, .. ae 1 ll 2 oe 14 
North Arcot, «« és ee 50 3 ‘ii 58 
Nellore, oe oe oe | 16 on oe 16 
Vizagapatam, ee ee | 18 1 ee 19 
Ganjam, oe ee 6 18 5 1 80 
Bellary, ee ee } 88 2 ee 9] 
Cuddapnh, oe ee oe 46 oe en 46 
Kurnool, oe oe ag 18 2 os 15 
Kistna, oe ee oe 8 1 ee 4 
Godavery, «+ ee - 17 1 “e 18 

Total, ... 29 484 36 8 557 


Thus out of 557 limestones only 44, or about 8 per cent., promised 
to be more than slightly hydraulic. 

In concluding this article, it may be useful to give a specimen of the 
system of classification adopted by M. Vicat in his Statistical Researches 
on Limestones. These tables, comprising the results obtained in the ex- 
amination of 10,000 specimens (made in 1833—45), are drawn up in 
the following manner :— 


INSOLUBLE. 








Geological for- 
; ¢ Color. Texture. mation: 











Olay ese ose ese Fat. 
Do, oe = os fo |S ightly hydraulic 


Orne Pale yellow... Very coarse. /Middle oolite ...| 1° 
Do. .../92/Milk and Coffee. iSub-compact. Do oof 68 





Do, one 90 Buff wee Chalky eee Middle tertiary. 18 Do. oe Cor | eon Hydraniio. 
(carbonaceous) 

Do. aon 99 Do. ooo De. Boe Middle oolite.... 28°5 lay eee Bog} ove Intermediate, 

Do. eee 91 Hasthy yellow eos Do. tee Middle tertiary 26:5 Do. ose ove t tes aoe inter- 

Do. Gee 89 Buff ose Do. aes Do. ane 31°5 Do. Bee eae | ous Cemant, 


Do. .../95|Reddish grey ...|Sub-compact.| Middle oolite,...| 22/Send ..  — .|.../ Very meagre, 


Do. ...{94iDirty white . ...jCoarse wee Do. ooo 836 — anda little/.../ Valueless. 
olay eon 
OANA CLES SANE LE RIEL LENE EIS LDV DEE LLDPE TE DEAE E EAE LALO LD DE AES ALLE DAI AELEE ILL 
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It has been seen (page 895), that Indian limestones give very different 
results; 20 per cent. of sand or other more or less inert silicates 
affect very slightly the “fat” character of the limestone, and the best 
stones examined have been those containing 40 per cent. and upwards of 
Bilica. | | 

E. N. 


(Extract from) Order on above Report, 10th December, 1874, No. 3468. 


His Excellency the Governor in Council is much indebted to Surgeon- 
Major Nicholson for this clear and valuable Report, which will afford to 
all Executive Officers and members of the Department information, from 
which it is anticipated that a marked improvement in the selection and 
preparation of cements and mortars for different descriptions of public 
works will result. The remarks on pages 396 and 397 will be especially 
deserving of attention whenever it may be desirable or necessary to obtain 
cement stones for special work, while the paragraph (vide page 391) on the 
means of revivifying Portland cement, will be of practical utility to all 
who may require to use this material, though it may be expected that 
very generally District Officers will find close at hand the means of pre- 
paring a cement possessing all the more valuable properties of Portland, 
and obtainable at a small fraction of its cost. 
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No. CLXXVIII. 


CONCRETE DAM FOR GEELONG WATER-WORKS. 
[ Vide Plates LIL, LIIL.} 


By G. Gornon, Esq., M. Inst. C.E., Chief Engineer, Victorian Water 
Supply. 
Dated Melbourne, 5th August, 1875. 

Tr became necessary two or three years ago to construct a new reservoir 
for the supply of Geelong with water. The only favorable site which 
offered itself was on the “Stony Creek,” a mountain stream flowing 
through a steep rocky country in the Steiglitz ranges. It was resolved 
to close one of the gorges through which the stream passed, and as there 
would have been great risk of failure if an earthen dam were constructed, 
owing to the steepness of the rock forming the sides of the gorge, I 
determined to construct a masonry dam on the French system of equal 
pressures. The formula used by Messrs. de Graeff and Delocre, was 
modified, however, so that the limiting pressure (8,000 Ibs. per square 
foot) was the pressure on a surface perpendicular to the rear slope of the 
dam, and the resultant of the pressures was made to cut the base of 
any horizontal section of the dam within the middle third of that base 
It was intended to build the dam in courses of rubble stone curved in the 
manner shown by dotted lines on the section, (Piate LIT.,) so that the beds 
should be nearly perpendicular to the directions of the pressures. Owing 
chiefly to the scarcity of masons, but also to a possible difficulty of getting 
a sufficient quantity of suitable building stone, the dam was built of con- 
crete instead of masonry. The proportions at ist adopted were :— 


Broken sandstone, 3° gauge os 1 

. ‘s - ‘a oe oe 2 
” ” +" ” as *s h 

Sand, ae oe. ae os 1 

I 


Portland cement, .. +2 +e we 
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but this concrete was considered too coarse, and it was likely to be porous. 
After several trials the following was adopted :— 

Broken stone, 2” gauge, .. oe «. 33 

Screenings, ., ee we ee -- 14 

Sand, Pe re ae a3 « |} 

Cement, ei ee ae a we 2 
This formed a thoroughly sound, compact and water-tight mass, but 
great care in mixing it was essential. The cement and sand were first 
thoroughly mixed and made into mortar, and the other materials after 
being well wetted were added gradually. ‘The mixing was at first done by 
manual labor, but afterwards it was performed in an annular trough by 
means of small ploughs fixed in frames under a beam working on a pivot, 
and supported at the edge of the trough on rollers. This was worked by 
& horse at each end of the beam, and the concrete when mixed, fell 
through a trap door in the bottom of the trough, and was lowered on to 
the work in boxes, which travelled on hard wood rails laid on the steep 
slope of the bank. As the locality was very difficult of access, this appa- 
ratus was roughly made on the spot of bush timber. 

The dam is curved on the plan to a radius of 800 feet. The front face 
is vertical for 80 feet from the crost, and it then has a slight batter, as 
shown on the cross section (Plate LII.) Both front and rear surfaces were 
plastered with cement mortar of 1 cement to 2 sand. The greatest height 
of the work is 674 feet; the height above the old bed of the creek where 
the scour is placed 55 feet. The outlet pipe is 9 feet above the scour. 
The width at top is 2 feet 6 inches, under the coping which, flush in front 
on account of the action of the waves has a projection of 3 inches over the 
back of the dam. The width or thickness at the level of the scour is 
88 feet 9 inches, and of the foundations 61 feet. There are two valve 
houses also built of concrete. ‘The work was carried on as nearly as pos- 
sible without intermission, except at night and on Sundays. The concrete 
was brought up in layers of 7 inches in thickness well rammed, the surface 
being swept, watered and mopped over with cement grout before each layer 
was put on. The rock was grooved on the vertical faces and washed with 
cement grout. The work was begun in January 1873, and finished up to 
the coping in June 1874. The total contents are 5,096 cube yards, the 
total cost £17,806, including all preliminary and other expenses, plant, 
tools, &c., but not the Engineer’s salary. Cement cost 31s. per barrel; 
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sand, 6s. per cubic yard; metal, including quarrying 4s. 6d. to 62.; 
carting, mixing and placing concrete, done by day labor, cost about 
103. per cubic yard ; labourers wages were 6s. 6d. ; plasterers 8s.; masons 
10s. ; hire of two horses and driver 20s. per day. 

The dam is perfectly tight, bat there is a very slight soakage through 
the crushed rock under the foundations when the reservoir is full. The 
reservoir contains 224 millions of cubic feet of water. As there is ano- 
ther reservoir on the same creek higher up, it was not necessary to pro- 
vide much space for flood-water. Any surplus water will pass over the 
middle part of the dam, which, for a length of 30 feet is one foot lower 
than the sides, and extreme floods may pass over the whole length in a 
thin sheet without injury to the dam. There is a cage or grating in 
front of the outlet pipe (not shown in the Plates) which is lifted for 
cleaning by a winch placed on the top of the dam. The outlet pipes are 
24 inches cast-iron pipes bedded in the concrete. Each has a valve at the 
outer end. A water cushion is formed below the scour pipe and overflow 
by a small dam lower down in the creek. The outlet pipe is continued by 
the cast-iron main leading to the town. 


G. G. 
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No. CLXXIX. 
FORM OF CHANNEL OF CONSTANT MEAN VELOCITY. 


Remarks on a Paper entitled “ Form of Channel of Constant Mean 
Velocity,’ (No. CLXI,, Vol. IV., Professional Papers on Indian 
Engineering, [Second Series]). By E. Gramatzxy, EsqQ., £vec. 
gineer, D. PB. W., Mysore. 


In Part 17 of the Second Series of Professional Papers on Indian En- 
gineering, appeared a Paper on the “ Form of Channel of Constant Mean 
Velocity,” which contains some very remarkable results. It professes to 
solve the following problem :— 

“To calculate such a contour to the cross nection of a channel, that 
for all depths (x) of water running in it with a given declivity (p), the 
mean velocity (v) of the current shall be constant, and equal to a given 
quantity assigned.” 


The equation from which this contour is to be calculated is :— 


— n |e: weeee ence aeeeevaneorene ees seseee(1). 


v == given velocity, 
== co-efficient of discharge, \eontants 
p= given declivity, 

¢ = area = af” yaz. 

¢ = perimeter = 2f- [3 1+ (LY ae. 


Squaring equation (1) and transposing, we obtain 


Whence 
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oe see (2). 


Hh BOREHOOEH CEHRSLESS SEDER HOKEEESIDS 


np ¢ 
After a lengthy investigation, into the details of which I do not intend 
entering, the following result is given on page 214, under the head 


‘“ Recapitulation of results. ” 





s_3_# 
pO Pia 
entering the value of £, viz., zi into this equation, it becomes— 
Bie Ue te 
ec) hUumpl +g 
and putting this value of = in equation (2), we have ~ 
et 8 
nip nip l +9 
1] ‘4 
l+¢ 
1 2.0, 


which clearly proves the incorrectness of the results obtained. 

It is moreover easy to show that a contour, fulfilling the given condi- 
tions, does not exist. Taking again equation (2), and remarking that 
s and c, the area and its perimeter, are not independent of each other, 
but that the latter quantity (c) is a function of the former (s) and there- 


fore may be designated by f(s), we obtain— 
Pe 
nip f (8) 

v? 

aint (8) — 8 sv eneesee crenccnereressseesseense(O). 
If now s diminishes without ‘limit, the left side of the equation (3° 

2 
must also diminish without limit, and as ai is constant, f(s) must dimin. 


ish without limit, so that when s = 0, f (s) also must be equal to zero 
But the area and tts perimeter can only vanish stnultanecously, when (x) anc 


(y) become zero simultaneously. 


Putting 3 = S. : yde and 
c= = f a 1 + (3 1+ (HY dz into equation (2), we have 
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(Se ® +(% Ey aw =f’ vd. 


| Difforentiating with ars to 2 we obtain 


1+ (@) =. 


v? eae 
nip atta = ae 
ae 


' Integrating this equation without assigning any limits, as we only 
search for the relation between # and y, it becomes 


aap * byp. log. ty + lv-& ap age b+ Cisse vasssea(B) 


In order to find a substitute the simultaneous values 2 == 0; y = 0 
in equation (5), which gives 


0= = : hyp.log. { Zo — 1} +C 
O= — Zbyp.bog.| Sa =i} 
putting the value of C into equation (5), we obtain 
y+ / as a 
5M 


o_o 
n 


"pt 
= hyp. log. 


| From this equation, it is evident that x is imaginary for every real 
value of y, except zero, and therefore no contour can exist which fulfils the 
required conditions. i 

E. G. 
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Norge on Mr. F. E.. Rose’s Paper No. CLXI. (Form of Channel of 
Constant Mean Velocity), and Mr. E. Gramatzky's Paper No. oases 
(Remarks on the former). | 
By Oarr. Autan Conninanam, R.E., Hony. Fell. of King’ 8 College, Lond. 


There are five serious typographical errors in (Mr, Rose’s) Paper No. CLXL, (8 on 
page 213, and 2 on page 214, see List given below), and several unimportant ones- 
Theso being corrected, there appears to be no mistake either in the principle or de-~ 
tails of the investigation of that paper. 

It appears however to have been overlooked that the quantity 


3 
\t (ae + log™! aw ) —1} 
is a perfect square; by extracting the square root of which Results (B), (C), and the 
value of @ (see Paper CLXI.) are much simplified. But the whole of the Paper 
would be much simplified by using exponentials (e*) instead of the comparatively on- 
familiar inverse logarithmic form (log’~! az); thus the Results (A), (B), (C)». of 
that Paper are much more simply a 


Equation of Curve, gee ( + € )- sacesiseesestectisckaveesieccse CA) 
a 
“B 
«irea, : 8 — 8 = os € ) SOPSOHLOH OFS COHDPO HEH REHLERHEEERE (B), 
ed pei 
B B 
Perimeter, e= B (: wm € = 2) SOOO EESOE LOCO E EE DAdER EEE (C). 


and it is then at once seen from (A) that the curve denoted is a common catenary. 
The Problem proposed in Paper CLXI. may be thus stated as a pure mathematical 
Problem, 


“To determine a figure symmetric about a vertical axis en that the ratio 
Area below any horizontal line _ a constant quantity ~ or 8”. 
~ Perimeter below same line 4 75 ap 

It must be conceded that the investigation of Paper CLXI. solves this Problem 
probably as far as it is capablo of solution, and docs really lead to the Results (A), 
(B), (C). 

Unfortunately the Result is not really generally true, and is indeed true only under . 
such circumstances as to be of little practical use. In fact the fundamental equation 


gives 


s a 
. ~ = eet by (B), (C) above, 
Pea eS ae 2 @ y ¢ ), (C) & ve, 
f_, Big 

os # 3 


| A. +2 : 
which in eseasaiy nat generally true* (4. ¢, not for all valnes of 2). 
* As shown in Mr. B. Gramataky’s Paper above, — 
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| Bat it ts true Cn the limit)* when (x) ts ary large compere with B, for in this 
s ~22 : mal = 
illo Sb my 1—« 8 =: 1 nearly, since « is_infinitesimal. 
ie Ps an 

Hug Rang 1 Bae B | 

Thus the cross-section indicated satisfies the required condition only when the depth 
(#) is. very large compared with the breadth (2B), and unfortunately these cir- 
cumstances are the least useful in practice. 

The latter Paper No. CLXXIX. (Mr. Gramatzky’s) is important in drawing atten- 
tion to the fact that the solution given is of little practical use, but the strictures 
therein are rather too strong, as the Problem is certainly correctly solved in Paper 
CLXL probably as far as it is capable of solution. 

The final conclusion in Paper CLXXIX., that “no curve can possess the required 
property ” is not warranted by the investigation given. 

The investigation by which this is attempted to be proved virtually involves the 
@ priori hypothesis, that the curve required is some one single continuous curve, 

(This assumption is virtually involved in the manner in which the limits of inte- 
gration are introduced in determining the constant CO, as will be easily understood by 
any one who has a sufficient knowledge of infinitesimals]. 

All that can be Said to be fairly proved—in consequence of this assumption—is that— 

“No one single continwous curve can possess the required property’. 

This proof might readily be extended to show that— 

** No figure made up of portions of different curves—(excepting the case 
where part of the wetted border is a horizontal straight line)—can possess 
the required property ”’. 

And this excepted case is the very one required. But the fact is that this is al. 
ready implicitly proved.in Paper No. CLXL, where it is shown that the figure required 


must possess a horizontal portion (at the bed) of length 28 as well as the curved por- 
tion. 


tle 








firrata in Mr. F. E. Rose’s Paper No. CLMT, 
| iy 


a 





‘ne ‘ aE Cleaner 
Page 218, line 7 from foot, for + a - 1, 





Page 218, tine 6 from foot, and 2 from foot, for — an az, read 4. ee ax, - 
+m 214 Tine 7, fo (gerd log~ de) , read (== rag t log an). 
i A. C. 
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CHAPTER I. 
INTRODUCTORY. 


1. Introductory.—The most important quantity that admits of cal- 
culation in Hydraulic Engineering is the Total Discuanas of a body of 
water through a given transverse section; and in artificial channels— 
such as Canals—it is desirable that this should be calculable with some 
accuracy. 

‘“‘ Discharges ” of large Canals and Rivers are being repeatedly measured, 
but can any reliance be placed on the numerical values of the so-called 
‘‘ Discharges’? What is the Test that the numerical values for ‘ Dis- 
charge of large bodies of water, as now obtained are correct? As a 
matter of fact, “ Discharges” are now obtained by calculation from tor- 
mule, the functional form of which is based on hypotheses of motion of 
water admittedly incorrect, and involving “ constants” whose numerical 
values, have as yet been determined solely from experiments on very small 
bodies of water, e. g., in pipes and in small artificial channels. 


[The only TEst—and that a very rough one—at present applied (as far as the 
author knows) in large Canals, is that of measuring the ‘‘ Discharge” (in the ordi- 
nary way) of a Main Canal at a moderate distance above a point where it gives off 
several large Branches (vern. “ Rajbahas ’), and also of the separate Branches and 
Main Canal below this point, and comparing tke sum of the latter with the former 
Results, This Test is one that could be applied by any Executive Engineer. It has, 
however, either never been seriously undertaken on such a large scale as to amount 
to a real experimental verification of existing formulm, or if undertaken the Results 
have not been published (as far as the Author knows)}- 


2. Present state of knowledge.—Three extensive series of Hy- 
draulic Experiments have been made of recent years,— 
1% On. the largest scale, (%. ¢, on motion of mighty rivers) in ; 
1850-61, on the Mississippi and its affluents. 
2°, On the small scale, (7%. ¢., on motion of small bodies of water) 
in 1855-60, in France, by Messrs. Darcy and Bazin. 
$*. On tho largest scale, (¢. ¢., on motion of mighty rivers) in 1870 
- on the Parané, Uruguay, and La Plata, by Mr. Révy.. 
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[For ‘cent the Reports* of these Experiments will be styled simply 1°, the Mic- 
sissippi Report ; 2°, the Darcy-Bazin Report ; 8°, the Révy Report]. 


These three Series of Experiments are the first really accurate and 
sufficiently extensive Experiments on flow of water. They have added 
much to our knowledge of Hydraulics, and yet left much unknown, 

The French Experiments are—it is believed—ample as regards flow 
of very small bodies of water: (the channels experimented on not ex- 
ceeding 2 métres in breadth). | 

The Mississippi and Parand Experiments clearly show that Results 
derived solely from experiments on small bodies of water are not safely 
applicable to large bodies of water without preliminary verification. 

Unfortunately the Mississippi and Parana Experiments were chiefly on 
motion of too complex and tumultuous a character to admit of unravel- 
ling from them the laws of fluid motion: and many of the results therein 
assumed as general are certainly only particular (or local). 

[These remarks apply especially to the Parani Experiments: the fluid motion in 
many of which is enormously complicated by the presence of a variable tide, so that 
few of the Paran& Experiments are fairly intercomparable, and many of the Results 
are really only local, not general. This will appear in the sequel]. 

3. Experiments on large uniform Canals desirable.—The sort 


of Experiments now wanted are an extension of the French Experiments 
to Jarge bodies of water tn uniform motion in regular channels. 

It is—in the Author’s opinion—very little use experimenting at pre- 
sent on the excessively complex motion in large rivers, until the compara- 
tively simple case of Srsapy Uxirorm Morton in a large uniform chan- 
nel—such as can usually only be obtained in artificial Canals—is better 
understood. 

4. Opportunities in India.—The presence of many large Canals 
points to India as presenting unusually favorable opportunities for prose- 
cuting such experiments with a fair expectation of a useful result. Ex- 
periments on a limited scale have been carried ont by many of the regular 

*1, Report upon the Physics and Hydraulics of the Misstesippi River, &c., &«, By Captain 
A. A. Humphreys, and Lieutenant H. L, Abbot, U. 8. Army. Phil. 1861. 


fi. Récherches Hydrauliques enterprises, par M. H, Darcy, continuées par M. H. Bazin. Paris, 
1865. 
fil,, Hydranlics of Great Rivers. The Parané, the Uruguay, and the La Plata Estuary. By J.J 
Révy, London and New York, 1874. 

(As these are Jarge and expensive Works, it may be mentioned that there are Notices of the two 
first in the “ Professional Papers on Indian Engineering,” Nos, OLKXXVII. and CXCVIL. of Finer 
BER ES (by the late Lieut.-Col, J.C. Anderson, R.E.), and of the laat ia the * Pioneer "’ ie a of 
94th April and 20th May, 1875 (by J. Elliott, Beq. M.A;)). 
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Canal officers, but partly from want of special funds, and partly from want 
‘of leisure, these experiments of individuals have necessarily been of a 
desultory character, and limited in number: moreover, not having been 
published, they are practically buried. 

Experiments on a considerable scale were projected in 1866-67 to be 
performed on the Ganges Canal, at or near Roorkee, but by some extra- 
ordinary fatality every officer” connected with them died before any con- 
siderable progress was made. It is believed, that no report was printed, 
and it seems impossible now to ascertain what was actually done. 

6. Object of the present Experiments.—The object of the Ex- 
periments about to be described, was primarily that explained, (Art. 3,) as 
now desirable, viz., to test the applicability of the Results of the Ameri- 
can and French Experiments to large bodies of water in regular channels. 

Results of great interest—beyond the important practical one of af- 
fording a Test of existing Discharge-Formule—might be expected to 
accrue from the sort of observation proposed (Art. 8) if the Experiments 
be made on a sufficiently extensive scale, prolonged over a Jong period, 
and under varied conditions, 

The present Experiments—lasting only four months—are of course 
only a small beginning in this direction. - 

Present Rerort.. The pages following contain simply a Report of 
the Experiments themselves, and a discussion of the conclusions to be 
drawn from them. The Detailed Results are of necessity published in 
the form of Tasiss, the examination of which cannot fail to be a tedious 
task to the reader, but this is inseparable from all experimental research- 
es. Graphic illustrations have been largely used to save the eye. The 
present Report is strictly one of Haperiments ; no mathematical investiga- 
tion is introduced, except where suggested by the Experiments themselves, 
either as the conclusions to be drawn from the Experiments, or as eluci- 
' dating the Experiments. 

A tolerably full Summary of the Results is given in Chapter V., 
from which the scope of the work done can be gathered at once. There ig 
also a very full Table of Contents at the beginning to facilitate reference, 

6. Conduct of the Experiments.—These Experiments were con- 
ducted by the author, as a volunteer during the cold weather of 1874-75, 


® The Inte Lient,-Col. J. Dyas, R.E., Lieut, J, Carroll, R.E., Lieut, P, Cotterill Smith, BE. - 


6 HYDRAULIC RXPERIMENTS AT ROORKEE. 


on the Ganges Canal close to Roorkee: Government providing the neces- 
sary funds. 

The Staff for performing the Experiments consisted of two enn 
(an Overseer® of the Public Works Department, and a Non-Commis- 
sioned Officert temporarily lent from the Sappers and Miners), and eight 
native boatmen, and ‘‘classies.” 

The Field-work was begunt on 9th December 1874, and was contin- 
ued with slight intermissions caused by rain, high wind, &c., daily (on 
week days) up to 15th April, 1875. 

The whole of the responsible observations of every sort—whether 
sounding, measuring distances, calling out instant of passage of floats, 
use of chronometers, &c.—and also the computation attending the re- 
duction of the observations were (with the exception of a few done by 
the Author himself) performed by the two Europeans, trained in the first 
instance by the Author. 

After overcoming the difficulties inseparable from a novel work, the 
Author’s share in the work was limited to superintendance, and to direc- 
tion of the reduction of the field-work, and collating the Results. 

7. Difficulty of the work.—Many difficulties, some practical, some 
due to climate, were met with. 

The first part of the season was spent simply in learning how to do the 
Experiments with tolerable accuracy and convenience. 

The season available for such Experiments is practically limited to the 
short cold weather, and even this is curtailed by the occasional prevalence 
of high wind, rain, &c. 

The use of the Canal as a Navigation-Canal sometimes seriously inter- 
fered with the work, the command of the Ropes stretched over the water 
being insufficient to let barges pass: the Ropes and Chains were several 
times broken by passing barges, which caused great delay. 

The constant variation of level of the Canal (from day to day) was a 
great obstacle to the continuity of fairly comparable observations ; it will 
be seen hereafter, that in consequence of the “ unstzapy motion” of the 
water, the avEeaGe veLociTigs of the different “ stream lines” (taken 
from a very large number of observations under similar external condi- 

* Sergeant J. Warburton, B.A. ¢ Corporal H. Rowe, B.2. : | 


+ This was the day the Overseer joined the work : !t is to be regretted that the Overseer was not 
provided earlier, az much of the valuable cold weather was thus lost, 
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tions of wind, depth, &e. ) are the only quantities fairly comparable with 
one another. 

With varying external conditions (of wind, depth, &c.), it is difficult to 
secure a sufficiently large number of observations under similar external 
conditions on each stream-line, to yield a fair average value of the velocity 
in each stream-line. 

[It will be seen in what follows, that in several of the Velocity-Carves, each ordi- 
nate (or velocity) is the Mean of 60 separate measurements]. 

The great monotony of the field work (which will be understood here- 
after) constitutes a serious difficulty in the way of interesting intelligent 
men in the work. | 

8. Description of Test proposed.—The Tzsr mentioned in Art. 
1, is at best an imperfect one: the only satisfactory Tust of existing 
** Discharge-formuls ” would be to measure the Discharge by some indepen~ 
dent (and admittedly accurate) method at a few selected places, and 
compare the Results with those of the existing formule. 

[To avoid circumlocution, the following definition of the term “ veloci- 
ty” is premised. 

Der. The term “ velocity ” will be usually used in this Paper (for shortness) 


to express not the “actual velocity ” of fluid at a point, but only the resolved part of 
the actual velocity parallel to the axis of the stream. 


This is the only part of the actual velocity of much use in questions of “ Dis- 
charge,” and is in fact the sense in which the term is used in all works on practical 
Hydranlics—though not distinctly explained J. 

The most direct—and perhaps only satisfactory—way of accurately 
measuring the Discuaree of a large uniform channel—too large to be 
either received into a Tank, or passed over a weir—would appear to be as 
follows :-—~ 

Imagine a cross-section of a Channel divided by horizontal and verti- 
cal planes into a great number of small rectangles, and let the “ velocity” 
_of the fluid at centre of each rectangle be separately measured. Then if 

vy =: ‘velocity’ at centre of any rectangle. 

_ & = area of type-rectangle, 

Partial discharge through type-rectangle = v @ nearly. 

“Hence if due allowance be made for the partial discharges through the 

triangular or curved areas at the boundary of the channel,—which may 


| also be included under the same type (va), 
— Total Discharge = & (v.8), ....-.sesscseesoseens (1), 
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If the planes of division be so numerous,—or the rectangles 80 small, 
—that the “velocity” through all parts of each particular rectangle 
does not vary much, the Result (1) will be of a considerable degree of 
accuracy,—(if the velocity-observations themselves be accurate). | 

The comparjson of Results so obtained with those given by existing 
formule, would be the Test of the sufficiency of the latter. 

The present experiments were all directed to this end, viz, to measure- 
ment of ‘ velocity’ at very numerous points in a cross-section. 

9. VeE.ocity-curvE, VELOcITY-sURFACE.—To avoid circumlocution, 
the introduction of these terms is convenient. 

Imagine perpendiculars erected at every point of any cross-section of 
a channel, each proportional to the “velocity” of the fluid at the point. 
Their extremities will trace out a certain surface, which will be called the 
Ve ocity-Surrace at that section. 

It is evidently by its ordinates a ‘ graphic representation’ of the ‘ velo- 
cities’ at every point of the cross-section. 

The plane curves which are the sections of this Surface by horizontal 
and vertical planes, will be called Horizontal Velocity-Curves, and Verti- 
eal Velocity-Curves: they are evidently ‘graphic representations’ of the 
‘ velocities’ past horizontal and vertical Lines of the cross-section. 

The areas of the Horizontal and Vertical Velocity-Curves evidently 
represent the (superficial) Discharges past those Lines, and the Volume 
of the Velocity-Surface evidently represents the (cubic) Discharge through 
the whole cross-section. _ 

Great use will be made of these Curves in the Sequel. 

10. Scene of the experiments.—The experiments were performed 
in the Ganges Canal, which, in the neighbourhood of Roorkee, presents un- 
usually favorable opportunities for such experiments in the occurrence of 
a straight reach of six miles of comparatively uniform section, from Dha- 
nouri to Roorkee—see Sketch Map (Fig. 1)—the only obstructions in the | 
current above the Solani Aqueduct being two narrow piers of two bridges 
at Pirdn Kalliar and Mahewa. 

This six-mile reach comprises three descriptions of channel, viz., 

i, Trapezoidal Channel, in earth, 3 miles long, 150’ average bed width. 

ii, Trapezoidal Channel, masonry sides (steps), clay bed, 2 miles long, 

150’ bed-width. 
lii, Rectangular Twin Channels, in masonry, 982’ long, each 85’ wide, 
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iv. Trapezotdal Channel, same as ii, }-mile long. 

Thus the same body of water passes successively through these different 
channels, each of which is nearly uniform throughout its own length, but 
differing from each other in material, figure of cross-section, and width— 
thus presenting a very favorable locality for Hydraulic Experiments. 

It should be remarked, that the Ganges Canal is generally highly 
charged with silt, which is of course variable in amount, according to the 
state of the Ganges from which the supply comes. 


{Silt-measurement was not attempted in the present Experiments. Accurate silt- 
measurement is a matter of considerable difficulty, and in the present state of Hydrau- 
lic Science—little use could be made of the Result beyond simply recording it]. 


i. Dhanourt to Mahewa Bridge (about 8 miles).—An earthen trape- 
voidal channel nearly uniform for about 3 miles. No experiments were 
performed in this reach. 

ii. and iv. Mahewa Bridge to Roorkee Bridge (about 8 miles).—The 
Canal is carried across the valley of the Soldni River in a channel with 
masonry sides and a clay bed on the top of an earthen embankment. 

Except where tt passes over the Soldné River,—viz., by the Soldni Aque- 
duct, see iii. below,——the sides of the channel consist of two vertical ma- 
sonry walls 150’ apart to a height of 4’ above the (original) level of 
the bed of the channel, surmounted by two flights of 12 masonry steps, 
each 14” broad by 9”high. On the top of the steps are low masonry para- 
pets, which are herefore 178’—(14’ 4+ 150‘ + 14’)—apart in the clear, 
The whole of the masonry is plastered with fine smooth pe 

The bed of the channel is of clay. 

Fig. 2 shows the average section nearly uniform (as originally built) for 
10,118 feet-—commencing from 350’ below Mahewa bridge to 865’ above 

‘the Soldni Aqueduct, and again for 2,123 faet—commencing from 365' 
below the Solani Aqueduct to 350’ above the Roorkee bridge. 
_ Thus the width of water-surface would vary in these reaches between 
A minimum of 150’ when not more than 4’ deep. 
A maximum of 168’ 8° when at full depth (about 10’). 

The flights of steps and the bed were originally built uniform through- 
oat the lengths 10,113 feet and 2,123 feet mentioned : but in course of 
time the steps have subsided in some places, and the bed has been eroded 
irregularly. 

_ To protect the bed, boulders have since been thrown in irregularly, and 
tolerably regular boulder and brick “bars” have been thrown across the 
bed where most eroded, the tops of which mark the mean level of the bed. 
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The general Result however is, that the original strict uniformity of 
the channel no longer exists, especially as regards the state of the 
bed. ; | 

iil, Soldnz Aqueduct.—The canal is here carried across the Soldni river 
in @ masonry Aqueduct 982’ long, divided into equal 85’ waterways by a 
central masonry pier 932’ long and 8’ wide—except at the two ends, aor 
pier-heads,) which are 14’ wide for a length of 30’. 

The enlarged Plan ( Fig. 3) of the Aqueduct and Approaches shows, with 
the help of the Table below, how the single waterway 150’ wide at bed 
—of section shown in Fig. 2—gradually widens to 172’ in the 250’ 
“ Approach” to the Aqueduct, which width is continued uniform for 
115’, when it is parted by the 14’ ‘ Pier-head” into two equal 79’ 
waterways for a length of 30’; these are enlarged by equal 3’ off-sets on 
each side into 85’ waterways, which are carried of the uniform section 
shown in Fig. 4 fora length of 872’. The Exit below this is precisely 
similar to the “ Entrance” and “ Approach”. 


Width of Waterway| Oross-Section Sides 
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The cross-section of either Chamber” of the Aqueduct is seen (Fig. 


4) to be a rectangle 85’ wide with the two lower corners rounded off 
3° each—so that the bed width is only 82’. 

The sides. are of brick masonry plastered,* and the bed is of brick laid 
fat and grouted with mortar, and is very regular throughout ite length, 


being generally covered with a small irregular deposit of an inch or two 
of silt. 2 


The public footways overhang the water 3’—-as shown in Fig. 4— 
and are corbelled out from a height of about 8’ 3” above the bed, 
so that the width of the water surface is of the full 85 feet width of the 
chambers only when not running deeper than 8’ 8”; when the water 
runs deeper than this, its surface-width is sensibly narrowed. 


(This corbelling out prevents any velocity-measurements being effected nearer to the 
outer margins than 3 feet: this will be seen hereafter}. 


There is a Sranpina Gauce marked to decimals of feet, in the Left 
Chamber at the middle of the Pier. 


ll. Leperimental Sections,—Four Sections in all were chosen for pur. 
poses of Experiment. 


Sovani Aquepuct.—(For description, plan and section, see Art. 10—iii, 
and Figs. 8, 4.)—The centre cross-sections of both Chambcrs were chosen — 
as the principal Experimental Sections for following reasons :— 


(az). They are at centre of a length of 872'—a uniform, nearly rectangular sec- 
tion, the bed of which is remarkably even—(this was verified by an exten- 
Bive series of soundings,—see Art.19; the maximum variation of level 
(due to silt) was found to be about 8” in neighbourhood of these sections). 

(3). There is a StaNDING GAUGE at one of them showing the depth. 

(c). The Discharge measurements by the Canal Officers in the neighbourhood have 

been executed at them for many years. 

- [It may be doubted whether the fundamental condition laid down in Art, 3, of 
“uniform motion in a symmetrical channel ”—as alone suitable for Experiment—is 
realised at these two cross-sections at centre of channels which are quite uniform only 
for a.length of 872’ (about 104 times their width), whilst the supplying and dis- 
charging channels are each tivice their width. This is a point which can only be pro- 
perly determined by actual experiment. 

The Experiments may not—as far as yet carried ont—conclusively show this, but 
the fair symmetry of the surface-velocity mean curves obtained, (see Plate IV., Art 33), 
for these central sections warrants the belief that the motion across and in the neigh- 
bourhood of this section is approximately that of a uniform channel of great length}, 


» * Tee left sido of Left Chamber ts plastered with ‘ kunkur’ lime plaster (aomewhat rough) (0 ywll- 


height: the right side of Right Chamber, and both sides of central Pier are pene bi smooth lime, 
plaster 40 height of u’ only, 
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Souas1 Eupaxenant.—Two sections at 2,860 feet and 8,195 feet, rea- 
pectively, above the central pier of the Solani panedee sree Sketch 
Map, Fig 1,) were chosen as “ Experimental Sections”. 

The Experiments executed at them were solely measurements of Str- 
FACE-VELOCITY : these are described in Art. 34. | 

The “ Average Cross-Section ” in the neighbourhood of the Experimental 
Sections was obtained by sounding, as described én Art. 19, the Resulting 
Sections are figured along with the descriptions of the Experiments at - 
them—Art. 34. 

There was no Standing Gauge at tireas Sections: the nearest Standing 
Gauge was that in the Solanf Aqueduct. This gange was always read 
just before and just after each day’s work. The ‘gauge-depths’ figured 
in the Tables of Results all refer to this gauge. 

(The actual height of the water-surface at the Experimental Section with refer- 
ence to the top of the highest step of the flights of masonry steps was also always 
recorded in the Field-book, both at beginning and end of each Srr of Experiments, as 
a check on the work}. 

12. Instruments used.—In order to establish confidence in the 
Results of these Experiments, it seems advisable to explain in detail the 
Instruments and mode of observations used for measurement of velocity. 

Many instruments have been at various times proposed for this pur- 
pose: they may be roughly classed as Fixep Instruments and Fres 
InsTRUMENTS. 

I. Freep Instromente.—Such are the Tachometer or Current-metre, 
Pitot’s Tube, Hydrometric Pendulum, Water-lever, Water-vane, Hydraulic 
Balance, Rheometer, &c., &c., which being fixed in a given position measure 
directly or indirectly the current-velocity. Several of these are described 
in Weisbach’s “‘ Mechanics of Engineering”, Vol. 1, Art., 878, et seq., 
and in the “ Mississippi Report ”, page 202, et seg. | | 

Most of these Instruments—except perhaps “‘ Pitot’s Tube” are open 
to numerous objections. ‘“ Pitot’s Tube”—as improved by Darcy—has 
become almost classical from its nearly exclusive use in Darcy and Bazin’s 
Experiments. 

The delicacy of observation, however, requisite with all these lastr- 
ments—except the Ourrent-metre—necessitates their being used from a 
very steady temporary bridge, the erection of which over a wide channel | 
would of course be impracticable. , 8 
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Elliott’s and other “ Current-metres” can be nsed from a boat, but the 
presence o: the boat.so greatly modifies the natural motion of the water, 
that.good results could not be expected from them within a distance of 
some feet below the boat's keel. 

(Some of the “Fixed Instruments” (ce. g., the Current-metre)—in consequence of 
being provided with a large “ tail’? which causes them always to face thé ourrent 
measure (or are intended to measure) the ACTUAL VELOCITY of the fluid filaments 
passing them, and not therely the “ velocity ” as defined in Art. 8, viz., the resolved part 
of the actual velocity parallel to the axis of the stream ; but this is on the whole 
rather a disadvantage (see Art. 8) than an advantage in their use]. 

For these reasons, the use of “ Fixed Instruments” was entirely rejected in these 
Experimenta. 

[It may be remarked that for similar reasons they were entirely rejected in the 
Mississippi Experiments]. 

Il. Free Instruments, or Firoats.—By this term is meant any sort 
of “floating apparatus”, which may for shortness be called a Fuoar, 
whether floatiug at the surface, or partly submerged—which is dropped 
iato, and abandoned to the current. In a “ unifurm stream” all such ob- 
jects acquire after a time a state of relative equilibrium in which their 
velocity is tolerably uniform. After this ‘‘ terminal velocity” has been 
acquired, the Timz of passage of the Instrument across the space between 
two parallel cross-sections at a known distance apart, is carefully timed by 
one or more chronometers. 

It must be observed that the actual Result obtained by this sort of ob- 
servation is not the “velocity” at a particular point, either of the fluid or 
even of the “ Float” itself,—using the term “velocity” in the sense of 
Art. 8,—but is really only the 

“ Average or mean of the ‘ velocities’ of the ‘ Float’ itself taken } 
over the measured distance, which is expressed mathematically by seaseua2)y 


(f° vde) +o”, 


and it is assumed as nearly certain, that this is the same as the average of 
the “ velocities” of a fluid particle over the same distance. 

{For this reason, these “ Fioats” can only be used with any advantage in (so call- 
ed) “ uniform streams”, In variable streams, a Fixed Instrament would be preferable 
when practicable]. 

The knowledge of this quantity, although not nearly so valuable as that 
of the “velocity”-—both in direction and magnitude—of the fluid at a 
particular point would be for the important object of unravelling the laws 
of motion of finid, is however almost as valuable for all a pur- 


poses in calculating simply the “ Discharge ”. 
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These Instruments can be used from a boat, and are therefore the most 
suitable for use in a very wide channel,—except very close to the edges, 
where a “Fixed Instrument” would be preferable, (see Art 35). They 
were almost exclusively used in the Mississippi Experiments, and have 
been also exclusively used in these Experiments. 
With these Instruments, the following conditions should be fulfilled :— 
1°. The whole Instrument in all its dimensions should be so small, as to disturb 
the natural motion of the water as little as possible. 

2°, The dimensions of the parts of the Instrument should nowhere exceed a 
breadth and depth so small, that the “velocity” of the current is sensibly 
uniform throughout that breadth and depth. 

[In the present experiments, these dimensions were fixed at a maximum of 3” x 3” 

for general use, but this is too large near the edges}. 

8°, The parts of the Instrument should be so arranged, as to severally expose a 
constant surface (both directly and laterally) to the current, however the 
Instrument turns during the motion,—(after the “ terminal velocity ” has 
been acquired) 

4°. The Instrument should expose as little surface as possible to the wind. 

5°. It should be strong enough and simple enough to bear moderately rough 
handling, and should be convenient to handle. 

6. It should be cheap enongh to admit of being made in largo numbers. 


The detailed description of Instruments (Fioats) actually used, is de- 
ferred to Chapters. II., III., IV. 


[In consequence of want of experience as to the best form of Instrument for velo- 
city-measorement in a large Canal, the Author decided from the first to use only the 
simplest and most inexpensive, of such material as could be easily procured, and of 
such make up as could be readily executed in a small native bazar. This in part led 
to the sole use of “ Free Instruments” (Floats) made of wood. 

The experience now gained has pointed out the directions in which more expen- 
give materials aud better workmanship may be advantageously employed]. 

13. Objections to Floats.—As a spirited attack has been made by Mr. 
Révy (see Réevy Report passim) on the use of FLOATS, utterly condemning their use at 
any rate on GREAT RIVERS, and especially for subsurface-velocity measurement, it 
seems easential to notice it here. Mr. Révy goes so far as to say of the Mississippi 
Survey—(see page 8 of Révy Report). 

“The Engineers of that Survey relied entirely on floats, and we consider it a 
misfortune to science and to practical Engineering that so much ability, 
perseverance, and time should have been spent to obtain results which the 
unfortunate choice of foats has inconveniently marred and confused ”. 

This is a pretty decided condemnation of the use of FLOATS. 

Mr, Révy admits, however, (p. 6,) that—“ under favorable circumstances the velocity 
of the surface carrent may be observed by the movement of a float with considerable 
acurracy.” Suffice it to say, as far as regards Experiments on a straight uniform 
Canal, the circumstances (which he points out as necessary to use of floats, are | 
favorable.) 
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[ Mr, Révy, however, considers a down-stream wind of equal velocity with the 
Surface-carreat essential to accurate use of Floats. This is quite unnecessary im 
the Author’s opinion : provided the floats do not project sensibly above the surface 
(compared with the mass buried below the snrface)—a condition easily fulfilled on 
Canals and small rivers,—they will move sensibly along with the local surface-current, 
(which is itself of course affected by the wind). A calm or a simple up or down- 
stream wind would not affect the accuracy of the observations. A eross-wind wonld 
undoubtedly interfere seriously with the use of floats ; but so it would with useful 
work with any ferm of Instrument}. 

Mr, Révy’s principal objections are however to the use of SUBSURFACE FLOATS, 

Nevertheless the use of these Floats enabled the Mississippi Experimenters to 
‘clearly establish (page 225—262 of Mississippi Report). 

1°, That the line of maximum velocity is generully below the surface. 
2°, That its position depends on the wind. 

[A law of dependence was even proposed]. 

Now both these Results are fully verified by the present Experimenta conducted 
solely with FLOATS, and Result 1° is also fully borne out by the Darcy-Bazin Experi- 
ments, performed solely with a different Instrument (a Pitot’s Tube). 

It can be verified at once by any one for himself by simply throwing a chip of 
wood and a common beer-bottle filled with water enough to sink it pretty deeply into 
@ current together, when the bottle will be found as a rule to move the quicker. It 
has also been long known to watermen that a deeply laden barge floats more quickly 
down-stream than a lightly laden one. 

Result No. 1° (above) may be said to be one of the best established Results of 
modern Hydraulic Science, 

The Instrument used by Mr. Révy,—a Current-metre—in preference to the Floats, 
which he condemns, did not enable him to recognise this so easily established fact at 
all. He declares, (p. 87,) relying on his Experiments with the Current-metre, that 
the maximum velocity line is at the Surface, and argues, (p. 87,) that it ought to be 
go, The inference would seem to be that this Instrument (Current-metre) is not so 
delicate an Instrument for velocity-measurement, as the (condemned) Floats, 

The objectiong to the usc of Sub-surface-Floats pointed out by Mr. Révy—see p. 
5 to 8 of his work,—will be found fully detailed and discussed in Chap. IIL of this 
Report, which was written before the Author had seen Mr. Révy’s nork}. 


Suffice it to say here, that the objections (though serious enough) are 
—in the author's opinion after this season’s experience—by no means se 
insuperable (at any rate as applied to Canals not exceeding 9 feet in 
depth) as Mr. Révy considers. This will be understood better after read- 
ing Ohap. IIT. These objections would be undoubtedly aggravated at 
greater depths. 

But is the Current-metre proposed by Mr. Révy more trustworthy than 
the Sub-surface Floats? Comparative Experiments alone could decide 
this, Mr, Révy gives none. 

14, Mode of observation.—It is convenient here to describe the 
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mode of observation adopted, which was the same in principle for all the 
Fioats, the object being to 

‘Time as accurately as possible the passage of the Instrument across a known 
space. 7 4 

This will be described under the following heads :— 


LENGTH oF Run,—Art. 15. SOUNDING,—Art. 19, 
Ropes and PENDANTS,—Art. 16. WInp,—Art. 20. 
Boats and Boat Rope,—Art. 17. CALOULATION,—Art, 21. 


TIME-OBSERVING,—Art. 18. 
15. Leneta or Rouy.—After many experiments with different 
“ Lengths of Run”—(i, ¢., spaces between the Upper and Lower Ropes)— 
varying from 200 feet downwards, the following were adopted as the 
Standard “ Runs” for these Experiments, — 


For about two-fifths of breadth of stream on either side of middle, .. 50 feet. 
Outside above middle space, in a ie ee oe ee oe 25 yy 
Close to banks, . ee oe -- 123,, 
The length of “ Run” should, Perey pares be as great as possible, 


for, the longer the “ Run ”—in a uniform stream—the less an error in 
observing the time affects the deduced “ velocities”, but it was soon found— 
in the course of the Experiments—that the “ Floats ” seldom run for any 
distance parallel to the axis of the stream, but gradually deviate from 
their intended line of motion, thereby passing into-lines of (presumably) 
different velocity, and that more and more with longer “ Runs”. After 
several trials it was found that 50 feet was the longest ‘‘ Run” compatible 
with the accuracy aimed at—i.¢., eompatible with the “ Floats” running 
tolerably along the intended line—and that this length must be gradually 
shortened on approaching the banks where the tendency to “ deviation ” 
is greater, and where—from the rapid change of velocity—any auch de- 


viation is of great importance. 

{It may be observed that 50 feet was the Standard “Run” adopted* for the most 
critical of the Missipippi Experiments. It was considered desirable at the commence- 
ment of the present Experiments to adopt the same Standard “Ran” (200 feet) as is 
orderedf for use by the Cana] Engineers, but this was—after trial—abandoned for -_ 
reasons above ]. 


16. Rorzs and Penpanrs.—The length of “ Run ” was defined by two 
Ropes stretched right across from bank to bank, the distance between 
them being carefully laid out with a surveying chain. These will be termed 
for shortness the Urren Rorz and Lowszr Rors. 


* Report on Physics and Mydraulica of Mississippi, page 262. 
t N. W. P., P. W. D. Irrigation Circular U of 1874. 
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Pieces of white cotton rope fastened to the Upper and Lower Ropes 
and sufferea to hang freely down so as almost to graze the water were 
used to mark the spots where the Floats were intended to pass. These 
will be styled, for shortness, Penpants. 

The spaces to be spanned by the “ Ropes” were 82’ and 178’ respec- 
tively, (viz., 82’ at the Solani Aqueduct, and 178’ in the Solani Embank- 
ment). The stretching of a rope daily across these spans—in a stream 
running 3 miles an hour—in such a manner as to satisfy all the conditions 
of the Experiments, is not so easy a matter. 

It is difficult to stretch the rope without wetting it: if stretched wet, 
the ropes yielded so much in drying as to shortly droop into the water: 
if alternately wet and dry, the stretching was so great as to desffoy the 
cortect spacing of the Pendants. 

‘Surveying Chains would—if strong enough to bear the strain—be very 
convenient for this purpose, as the Pendants can be laid out along them 
without any trouble, and they stretch very little: but unfortunately they 
are not nearly strong enough, even for the 82’ span. 

After repeated failures, the following plans were found successful and 
convenient, 

For the 82 feet span.—Double grass (‘‘ minjh”) ropes were stretched 
across the span, and surveying chains were then underrun along them 
being slung from them by wire rings at every 10 feet. In this way the ad- 
vantage of the use of chains was secured, and the chains—being supported 
at every 10’ were only slightly strained. 

For the 178 feet span.—Some 14-inch manilla rope was first strained for 
several days on shore, with a tension sufficient to reduce the Deflexion in the 
middle of a 200’ length (loaded with the intended number of Pendants) 
to 18". 

To prepare it for use, it was strained across the 178’ span at the spot 
where it was to be actually used, until its Deflexion at middle—as esti- 
mated by the eye, did not exceed 6"—and the two places where it 
crosssed the parapet were marked with bits of white rope, which wil be 
termed for shortness the “ marks”. 

- It wag next strained along the bank close by, between two pegs spaced at 
178' apart, until the two “marks” were brought up to the pegs. The 
Pendants were then fastened on to it whilst lying along the bank by 
measurement from a 100-foot chain close by. It was then ready for use. 

D 
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In stretching it for actual use, it was thereafter stretched across the 
178’ span, and strained until the two marks were brought up to the 
parapet edges. It was considered that the spacing of the pendants was 
then very nearly correct. 

The quality of the Manilla rope was such that—provided it were not 
wetted whilst stretching—its central Deflexion seldom increased during 
the course of a morning’s work (about 4 to 5 hours) to an inconvenient 
amonnt. The lengths of Pendants were adjusted before starting, so as to 
admit of a moderate increase of Deflexion (in the Ropes)—about a foot 
at the middle—without their touching the water. 

The amount of Deflexion conveniently admissible after once adastne 
the lenfths of the Pendants is obviously very small, as to admit of accur- 
rate work the Pendants must always hang near to the water withdut 
touching it. So long as the “marks” are kept close up to the parapets, 
no moderate yielding of the ones: would sensibly effect the spacing of 
the “ Pendants ”. 

The spacing of the ‘marks’ and ‘Pendants’ was examined every few 
days. 

[This method was found satisfactory, but it must be confessed to be troublesome: 
it would certainly be more convenient to use Surveying Chains supported by Ropes 
as was done for the &2’‘span. It is essential, however, that the Ropes used be so 


light as not to require blocks or tackle for stretching them on account of the 
trouble of daily erecting and taking them down]. 


17. Boars and Boat Rorse.—Two Boats were in constant use, one 
above the Upper Rope for casting the “ Floats” from, and one below the 
Lower Rope for catching the “ Floats” after use. These Boats will be 
styled for shortness the Upper Boat and Lower Bout. Each Boat was kept 
in desired position by a pair of tow-ropes held by men on either bank. 

The Upper Boat was placed at a distance above the Upper Rope, be- 
lieved to be sufficient for the “ Floats” to acquire their state of relative 
equilibrium (or terminal velocity) before reaching the Upper Rope. The 
- following distances were adopted :— 


For ‘ surface-floats’ and ‘ sub-surface floats’ not exceeding 
pearls tain , | .. BO fect to 100 feet, 
For ‘sub-surface floats’ exceeding 8’ in depth, .,....0s0serscsecesee 100 feet. 


It is desirable to keep this distance as small as is compatible with the 
‘ Floats’ attaining their state of relative equilibriam, as every increase of 
this distance, increases the chance of the Floats’ deviation to right or 
left of intended line of motion. 
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The.above distances were usually defined by a Rope stretched from bank 
to bank: this will for shortness be termed the Boat rope: 

The use of a boat for ‘casting’ the Floats from, is a necessary evil in a 
wide stream: the Boat actually used was a very light pleasure boat; its 
rudder was removed when in actual use, so as to remove one cause of dis- 
turbance of the water. Its stern was brought close up to the Boat rope, 
and was aligned with the two white ‘ Pendants’ (on the Upper and Lower 
Ropes) defining the proposed line of motion of Floats. 

The alignment was finally corrected by trial with a few ‘ surface-floats, ’ 
until a position was found from which the floats entered the “ Run” close 
ta the proper ‘ Pendant.’ 


In this way some allowance was made for wind. . 


[Should these Experiments be continued in future seasons, it would be worth while 
erecting a cheap temporary suspension bridge over the shorter span of 82' feet for 
casting the “Floats” from, without their being affected by the wash of the boat]. 


The Lower Boat was kept about 20’ fect below the Lower Rope: its 
effective use—to enable the ‘‘ Floats” to be caught again—requires that 
it should be pretty steady, and also admit of being rapidly shifted from 
side to side (by the two ropes) according to the ever-varying motion of 
the “ Floats”. In fact, the rapidity of work with all kinds of Sub-surface- 
Floats was found eventually to be limited by the rapidity with which they 
could be removed from the water by the men in this boat. 

18. Time Osservine.— Various methods of observing the time of 
passage of the Floats over their Run were tried. They may be classed 
according to the number of chronometers used. 

(The ‘ personal equations’ of the observers were found to affect the observations 
very markedly : in the Tables I. to XIIL, herewith published, containing the details 
of the experiments, the “ Time-keeper”’ is invariably distinguished by his initial]. 

i. Two-chronometer Method.—An observer sat opposite each rope, 
with a chronometer in front of him, and—whilst listening to the ticks of 
the chronometer—watched the passage of the float under his rope, and 
recorded the time to the nearest half second. The chronometers were 
timed both just before, and just after, each day’s work, so that allowance 
might be made both for their relative error and for their relative rate. 

An equal number of observations were made with the observers and 
chronometers interchanged from upper to lower rope; these observations 
were combined for the purpose of discussing the results so as to eliminate 


the effects of the observers’ ‘relative personal equation” 
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This method is believed to afford the greatest accuracy possible with- 
out automatic registry. It also admits of comparatively great rapidity 
of field-work—when using surface floats,—an object of considerable im- 
portance under the hot Indian sun. 

[It was found possible by this method to observe ‘ Floats’ cast in the 
water at about 5-second intervals; great care is however required to 
ensure the rotation numbers of the floats being recognized by both ob- 
servers. This rapidity can not be secured with any but Surface-floats, 
as Sub-surface floats could not be caught and lifted out of the water at 
this rate]. 


The labor of reduction of the observations of this method is however 
very great, as—being on different field-books—they must all be trans- 
ferred or copied on to a single sheet, and every observed time-difference 
must be separately corrected for both error and rate of chronometers to 
give the true time-interval over the “Run.” This in itself introduces 
considerable chance of error. 

The effect of “ personal equation” on single observations by this 
method is also considerable. , 


[The number of observations to be reduced in these Experiments was so large—often 
200 a day by @ slower method—that the labor of redaction was of serious importance. 
For this reason chiefly, this method was seldom used in these Experiments], 


ii. Single-chronometer Mlethods.—After trial of several different me- 
thods, the following was finally adopted (after taking advice of one of 
the Staff of the Transit of Venus Expedition) as likely to yield the most 
trustworthy results :— 


One observer sat with a chronometer in front of him midway between 
the two ropes: the second observer standing opposite the upper rope, 
warned the “ time-keceper” of the approach of the float, and then shouted 
just as it passed under the upper rope; he then walked down to the 
lower rope, and standing opposite, shouted again just as the float passed 
under the lower rope. The time-keeper entered the number of chrono- 
meter-beats counted just as he caught each “shout” to the nearest half- 
second. 


[After about middle of March, one of the Observers (Sergt, Warburton) observed 
to nearest quarter-second }. 


It will be observed that the “complete observation” at each Rope is 
of same kind, viz., 
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(a), Watching the passage of a float, and giving an audible signal of its passage 
by the sume observer, at each rope. 


(8). Listening for an audible signal, and recording the time of its occurrence by 
the same observer at each rope. 
This is considered to reduce the effect of “personal equations” of the 
observers to a minimum. 


An equal number of observations were usually made with the observers 
(“‘shouter” and “time-keeper”) interchanged ; these observations were 
combined for the purpose of discussing the results so as to eliminate the 
remaining effects of the observers’ ‘relative personal equation.” 


FOne great merit of this mode of observation is the ease of reduction of the obser- 
vations ; as both observations are entered in the same field-book, it is unnecessary 
for the time-keeper to attend to, or record any figures but the beats (half-seconds) 
actually counted, which being entered in parallel columns, the difference is at once 
taken out in the field, thus yielding without any office work the Result only obtainable 
with the two-chronometer method by considerable labor in office. A Specimen of 
Field-book is here figured. 





FIELD-BOOK. 
. TIME 
a Nea an 
PENDANT a Time- | que. | Velo- | Devi- Remarks 
8 | Upper | Lower |iDtervallintervai} city | ation (Wind, & ) 
5 | Rope | Rope 
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The rate of work with this method is limited by the time it takes a man to walk 
from the Upper Rope down to the Lower, and back again; so that it is much slower 
than the two-chronometer method when working with surface-floats: but this does’ 
not materially affect the rate of work with sub-surface floats, which is practically 
limited (Art. 16) by the difficulty of lifting them out of the water. 

_ The general convenicnve of this method is however so great, that it was after a 
time almost exclusively used, | 


19.—Soonprvos.—At each of the ‘Experimental Sections” (Art. 11) 
‘soundings were taken on the line of every one of the Pendants (Art, 16), 
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right across eight different transverse sections at 25' apart above and be- 
low the ‘‘ Experimental Section,” as shown by sketch. 


Fig. 5. 





The mean of the depths on the line of each Pendant was considered 
the average depth along that line in the neighbourhood of the “ Experi- 
mental Section ”, 

(The bed in both Chambers of the Solanf Aqueduct was found to be so level, that 

the soundings were not made over so many cross-sections}. 
* With “ Free Instruments” which register only the average of velocities 
(Art. 12—II.) taken right across the “ Run,” some such proceeding of 
estimating “the average depth for some distance along the line of each 
Pendant” seems essential. 


[But even with “Fixed Instruments which purport to register the velocity at a 
point, it seems (to the Author) necessary to adopt a similar procedure, inasmuch aa 
the velocity at a point is of course due to the configuration of the cross-sections both 
above and below the experimental cross-section, as well as to that of the latter. 

In the Mississippi Experiments, it appears (page 223) that only two Cross-sections 


were taken at 200 feet apart. 
In the French Experiments and Parané Expcriments, it does not appear that any 


cross-section, but the “ experimental section’ was measnred]. 

The Sounding Rod used was a straight Rod fitted with a flat iron 
“shoe” 4”f diameter, to prevent it sinking into silt or into accidental 
interstices between bricks, boulders, &c., on the bed of the current. | 

20. Wixn.—There appears to be no known way of eliminating or 
estimating quantitatively the effects of the Wind on the Experiments. 


The Mississippi Experiments clearly show that a down-stream wind raises, and an 
up-stream wind depresses the axis of the parnbola, which appears to be the vertical — 
velocity curve ; an empirical formula ia given (Mississippi Report, p. 262) for the 
amount of this elevation and depression. 
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{The French Experimenters take no notice of the (previously published) above 
conclusion, and, indeed, assert (Darcy-Bazin Report, Chap, IZ.) that the Resistance 
of the Air has no sensible effect on the discharge. ] 


The present season’s Experiments were not nearly extensive enough 
for this point to be tested. 


The Direction and Velocity of the Wind were however estimated, and 


recorded at beginning and end of each ‘* Set” of Experiments as follows:— 
The DIRECTION was estimated in following conventional manner (very con- 
venient for present purpose), viz., by the usual Compass points—(N., N. 6 E., 
N.N.E., &c,,)—the direction of the current being considered the WORKING 


MERIDIAN, (or N. S. line) : the letter V was used to indicate “ Direction Vari. 
able.’ 


The VELOCITY was measured by using a small Wind-vane (by Negretti and 
Zambra) in conjunction with the Chronometer: the Wind-vane was com- 
pared with the Standard Anemometer of the Thomason College Observatory ; 


each revolution of ihe Indicator was found to indicate the passage of 150 feet 
of Wind. 


These Results will be found recorded in the Table of Abstracts of 
Experiments: the figures in the column of Velocity indicate feet per 
second. 

No attempt has been made in this season’s Experiments to allow for wind ; 
thus all the Experiments—whether executed on a windy or on a calm day— 


have been considered as “of equal weight” in taking out averages. 
{Should these Experiments be continued in other seasons, it may be worth while 
to assign less “ weight” to the Experiments of a windy day]. 
21. Caxuovunation.—The calculations performed in reducing the Re- 


sults of Experiments have been very extensive. 


Beginning from the preliminary reductions in the Field-Book itself, 
every step has been checked by both the European observers. 
The preliminary reductions were— 


1°, Subtraction of chronometer-beats counted at Upper Rope from those counted 
at Lower Rope: the difference is the “ time-interval ” over the Run. 

2°, The mean of several (usually three) such time-intervals was next taken ; this 
mean was considered the “ time-interval’”’ freed from mere observation-errors. 

8 The “ velocity ” corresponding was next found by dividing the Length of 
Standard Run by the above mean Time-interval (this was easily done by a Ta- 
ble of reciprocals ; this was considered to be a single Velocity-Measurement, 


The above was always done in the Field-book, (processes 1° and 2° 
usually in the Field) from day to day. 

These VeLooiry-MsasvremMents were next transferred to sheets of Ab- 
stracts, (such as are published along with this Report), and arranged into 
Szrs—constituting the ordinates of a Velocity-curve. Each Velocity- 
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curve was next plotted on a suitable scale, so as to exhibit its form to the 
eye, and its Area computed from the known ordinates. The Area-com- 
putation was of course very laborious work. This was done daily. 

The Sets were next arranged into Series of Velocity-measurements at 
same place and with nearly the same gauge-depth. These are exhibited in 
the Tables herewith published. Tho means of the Velocity-measurements 
at each point in a Series was next taken: these were considered to he the 
Mean VELOCITY-MEASUREMENETs at each point. From these were plot- 
ted Mean Velocity-curves, and their Areas computed. 

An attempt was next made—with some suecess—to find the “ Equation ” 
which should nearly represent these Mean Curves: this of course inyol- 
ved much additional computation. Many other computations were under- 
taken whose object will appear in the Sequel. 

The discussion of the above Restits constitutes the most important 
part of this Report. 

fit may be here remarked that ‘ discordant observations’, 7. ¢., observations apparent- 


ly disagreeing with the average of the rest were never rejected unless the cause could 
be traced to mistake in some observation or want of adjustment of Instruments]. 
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CHAPTER II. 


SURFACE-.VELOCITIES. 


22. Surface Floats.—For measuring “ surface velocities” in a 
wide channel not very close to the edges—there appears to be no more 
convenient Instrument than the ordinary “ Surface-float”. After several 
trials with floats of different sizes, the following were adopted as the 


pattern of “ Surface-float ”. 
(a). 3° diameter, and }" thick, for gen- 


Thin circular discs of English deal eral use. 
planed smooth and turned on a lathe. (5). 1° diameter, and 3” thick, for use 
close to the banks. 


Some were painted white, some black, some were left uncolored to be 
used in different states of sunlight : on the whole nothing was found so 
convenient as a “marker” as a small pledget of white cotton-wool, 


loosely: inserted in a small hole in the centre of the disc. 

{For surface velocity measurements quite close to the edge, FLOATS were found 
unsuitable, see Art. 35: a Pitot’s Tube would probably be the best Instrument in 
this position. Strictly speaking few Fixed Instruments will measure surface-velocities 
at all, as they require to be submerged sufficiently to properly cover their working 
parts, thus :— 

1°, In the French Experiments, the nozzle of the Pitot’s Tube was always sub- 

merged ‘08 of a metre == 1:2 inches, nearly. 

2°, Inthe Parané Experiments, the Instrament was sunk from 6 to 12 inches. 

23. Unsteady Motion.—The most perplexing phenomenon is that 
the Motion of Water is not even approximately Srzapy. It may be well 
to give the following definition. 

Der. Motion is termed StEapDy when the velocity at any point depends only on 
the position of the point, and is therefore constant both in direction and magnitude 
for each point, 

It may be observed that in practical Treatises, all Results are based on 
the hypothesis that the Motion is Srz apy, and that hardly any theoreti- 
cal solution has been effected except for Steady Motion. 

R 
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Any one watching the motion of water at the margin cannot fail to 
remark a continuous slight variation of level of very short period. 

[In the Sol4ni Aqueduct this variation is about °05 of a foot, and runs through all © 
its phases very rapidly]. 

This shows that the motion is slightly oscillatory, and therefore can- 
not be perfectly steady. 

The oscillation is however—in a uniform channel of great length—so 
very slight and of such extremely short period, that there can be no doubt 
that the important equation—‘ Total Discharge through a complete 
cross-section == constant” is sensibly true to a high degree of approxima- 
tion in a uniform channel of great length. 

This is, however, by no means the case for the Discharge through very 
small parts of a cross-section, or in other words, 

“The velocity at any particular point is not constant for that point but 

varies greatly from instant to instant,” .........sccccsseeeecerteeessecvewesece } -=-(3). 

This Result may be seen in any of the Tables following, but is most 
conspicuously established by the following Experiment undertaken with 
the express view of testing this important point. 

The Result is so important that it seems advisable to detail the Exper- 


iment very fully. r 

94, EXPERIMENT (SERIES 1).—The object of this Experiment was to time as 
accurately as possible the passage of a very rapid succession of floats over the same 
‘s Run,’ noting also the ‘ deviation’ of each. 

{This Experiment will be referred to as the first SERIES of observations]. 

To secure all possible accuracy on this occasion, the two-chronometer Method 
(Art. 18—i) was used, four European observers—denoted by the initials C., R., T., 
W.—acting in concert. 

The “ Run ” chosen was along mid-channel of the Right Basin of the Solani Aque- 
duct ; and the air was nearly uniformly calm. 

EIGHT SETS of 15 surface-floats were dropped into the water in mid-channel by T. 
at nearly regular intervals,—the first set at about 10 second intervals, the remaining 
seven sets at about 5 second intervals—timed by a watch. 

The times of passing the Upper and Lower Ropes were recorded to nearest half 
second by R. and W., using separate chronometers. During the first four Sets, W. 
sat at the Upper Rope, and R. at the Lower; the observers then changed places, 
taking their chronometers with them. 

Pendants were hung from both Upper and Lower Ropes nearly grazing the water 
at mid-channel, and at points 5 feet and 10 feet both to right and left of the centre, 
The ‘ deviation’ of each float from the centre at the Upper Rope was observed by C. 
from the Lower Boat—the 5 fect and 10 feet Pendants marking 5 feet and 10 feet 
spaces, 

{With such rapid work, special precautions were necessary to admit of the rotation 
uumber of each float being recognized by all three observers (C., R,, W.), a8 4 single 
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mistake or omission on part of any one of them would have risked the loss of all the 
observations. To mect this difficulty, every third float was a black one, the rest 
being white, and the field books were ruled in scts of 3 lines separated by a black line, 
and the observers were instructed—in case of missing any ‘ float’—to wait for the noxt 
black one, the black ones being always entered as the leader of a set of three in the 
field-books. By this precaution most of the observations could be utilized J. 

The chronometers were compared both just defore and just after the whole set of 
Experiments—which lasted altogether only about an hour—so as to ascertain both 
their relative error and relative rate. The Results of the comparison are here re- 
corded to establish confidence in the accuracy of the work. 
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It will be observed that the discrepancy in the five comparisons (rapidly succeeding 
one another) in no case excceds one beat, or a half-second. 

{ After many such comparisons between the observers, it was found that the dis- 
crepancy én such observations scarcely ever exceeded one beat or a half-second ]. 

Now the actual observation of the floats—being a visual observation—is susceptible 

,of greater accuracy than the chronometer-comparison—an audible observation. 

It is inferred that the probable error of individual observations does not exceed a 
half-second, and that the great discrepancies in observed time of passage of the floats 
over the 50 feet Run—amounting as a maximum to seven half-seconds—are due to real 
changes of velocity of the water from instant to instant. 

The differences of chronometer observations of corresponding floats after correction 
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Jor both relative error and relative rate of chronometers, are the true time-intervals 
of passage of floats over the 50’ “ Run ”: from which the velocity in feet per second 
is immediately deduced. 


(That there were real changes of velocity of the water was visible even to the eye, 
as the successive floats were constantly changing their relative distance : occasionally 
one float would nearly catch up the preceding one. 

The Results are graphically exhibited in Figs. 6a, 6a, &c., 7a, 7a, &c. Plate 11. 

Abscisse measured from A in each figure indicate the time at which each suc- 
cessive float passed the Upper Rope, reckoned in each case from the leading float 
marked A. 

The ordinates in the upper figures (a, 3, c,@) indicate the “ velocities ” of each suc- 
cessive float : the ordinates in the lower figures (a, B, y, 6) indicate the “ deviations ” 
of the corresponding float to right or left of centre at the Upper Kope. 

The figures show—by the uncqual spacing of the ordinates-~that though the floats 
were dropped at nearly regular intervals, and from nearly the same place, yet they 
reach the upper Rope at irregular intervals : they show also by their ordinates how 
irreguiar the “ velocity ”’ of successive floats was both in magnitude and direction. 

The following Table is an Abstract of the maximum, mean, and minimum “ velo- 
city ” in each of the sets of fifteen floats. 

The figures (Plate IL) show the details sufficiently well. 
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An inspection of the figures (Plate II.) and Table will show that the observed values 
of the “ velocity ” varied from 3:27 to 4:35 feet per second, while the “ deviation ”’ 
from centre at the Upper Rope varied from 4’ left to 6’ right. 

It must be observed that the Result of the first four Sets of floats are really com- 
parable only with each other ; and those of the second four Sets with cach other, 
that is to say, the first four Sets are not fairly comparable with the second four Sets 
in consequence of the interchanged position of the observers, 

It will be noticed that the means of the latter four Sets are almost all less than 
those of the first four Sets : this seems to be the effect of the ‘ personal equation’ of 
the observers, It may be explained by supposing that in this sort of observation W. 
habitually observed a little too late, or R. a little too early. 

The comparatively great discrepancy between the means of Sets of 15 floats 
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with the observers interchanged, shows how great the effect of ‘personal equation’ 
is on measurements of velocity, and how extremely difficult it is to get absolute results 

25. Conclusion that Motion is unsteady.—The above Experi- 
ment was undertaken with the hope of discovering the law of variation of 
the velocity of the central surface filament of the stream with respect to the 
time, but the Experiment shows that the total variation is of too short a 
period to admit of discovery of its law without observations at very 
much shorter intervals than five seconds. Increased rapidity of observa- 
tion was, however, impracticable ; for occasionally two floats would—even 
with this interval at starting—reach the Lower Rope separated by only 
one-half second ; with shorter intervals successive floats would, therefore, 
probably have crossed one another, and thereby been mistaken for one 
another, which would of course falsify the results. 


The general conclusion to be drawn from the Experiment is— 
“The motion of water is not even approzimately STEADY, i. e., the = 
city ata point varies greatly both in direction and magnitude from \ ...(8). 
instant to instant,’’........0. shesewisaseusetes ieedeeacvuyedeenseacss Saines ea suey sehen | 
This conclusion is fully borne out by the whole course* of the Expert- 
ments, although in other Experiments several floats in succession would 
often pass over their “Runs” in nearly the same time, still discrepancies 
of one, two, or (occasionally) three half seconds were tolerably common, 
and did not seem imputable to errors of observation. It may be seen in 
any of the Tables following, that the “ velocities” along some line are 
very seldom quite alike. 
This conclusion is noticed, but only somewhat cursorily, both in the 
Mississippi Experiments and French Experiments. 
It seems, however, to the Author, of the very highest importance as 
affecting the difficulty and probable expense of Experiments sufficient to 
lead to useful results: for it shows conclusively that— 


“ Single Observations of velocity are—unless actually simultaneons, quite 4) 
incomparable.”’........ sevadseusewes vauadessecsiateskduaces ee sioheteaves yesauacees ve(4) 


Now, the difficulties of observation preclude in general the possibility 
of any simultaneity of observations, so that single observations, would 
be of little use. 

26. Average Steady Motion.—Further Experiment has ledt to 
the conclusion that, under similar external conditions,— 


* ¢.g., see Art. 29, 57. 
t See Art. 31, 60. 
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(5). 


“The AVERAGE ‘ VELOCITY’ at a point, taken through a considcrable 
interval of time, is constant in magnitude”, .........208. een uiecvesaes 


Which may be mathematically expressed thus :— 
“ The instantaneous velocity (u) is variable, but the mean velocity 


t ; ; (5a). 
udt) > ¢ = constant when ¢ is very great, so that there is, .. 
Oo 


Averaae Steapy Motion.” 

The ‘external conditions’ (e.g., wind, and depth of water) under 
which each separate velocity-measurement is effected, are liable to con- 
siderable variation—especially the state of the wind. Hence follows the 
further important conclusion— 


“To secure comparable Results from Experiment, freed from the effecta of 
variation of external conditions, it is necessary that the number of »+(6) 
measurements of velocity at any one point be very great,” .......c00ce0ee 


Which involves as a necessary consequence— 
“Hydraulic Experiments to be useful must be necessarily very tedious : 
and therefore very €Xpensive, .....c..ceceececee pavacss eae wieded ie eau eas (7 
27. Surface-Velocity variation.—Many exp2riments were mad 
to determine the Surface Velocity-curve. The Results are arranged i 
Senies, Nos. 2 to 8, Tables I. to III. It was soon found that the Surfac 
Velocity-variation is very slight for 3 of width of channel about mic 
channel, and very great near the banks. Velocities were according 
measured at considerable intervals near mid-channel, the intervals beir 


gradually diminished towards the banks. 
The intervals chosen were as follows reckoned outwards from mi 














channel. 
SOLANI AQUEDUCT. 

Left Chamber-—A42'§ half width, 

Left of Centre. £ Right of Centre. 

nh ere rp rR EEE f=} Sacra tigen baa eget ssa 
(¥) 
89}, 37'1, 35', 32°, 30, 20, 10, | © |10,,20',30',89'4, 85,8744, 40',412,4 

Right Chamber,—42'} half width. 

Left of Centre. Right of Centro. 





Centre. 


L1"8,41'}, 40°, 37°}, 85’, 32'L, 30’, 20',10', 10’, 20', 30’, 824, 33’, 37°g, 3° 
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SOLANI EMBANKMENT. 


Surface half-width about 84' 4” but varying with depth. 


at ne mee ep eee on oe ater pentane 


Left of Centre. Right of Oentre. 


Centre. 


82", 80’ 75', 70', 65, 60’, 40", 20, 20", 40', 60), 65', 70' 75', 80, 82 

Thus the Surface- Velocity was actually measured— 

(1) at 17 places in breadth of each chamber of Solani Aqueduct. 
(2) at 17 places in breadth of Solani Embankment. 

[It will be remarked that in the Chambers of the Solan{ Aqueduct the measurements 
are not so close to the edge at the outer margins (i. ¢., left bank of Left Chamber and 
right bank of Right Chamber) as at the inner margins along the central Pier—(sec 
Description of the Aqueduct, Art. 10—iii), This is caused by the corbelling out of 


the tow foot paths, about 3' over the watcr’s edge, which prevents observations close 
to the outer margins. ] 


28. Order of Observation.—After general preliminary trials, the fol- 
lowing arrangements were finally adopted :— 

A maximum ‘deviation’—of about 2’ at mid-channel, and decreasing 
gradually to 2” or 8” near tho edges—from the proper Pendant at the 
Upper Rope was considered inadmissible. Floats not passing within 
these intervals were not recorded. 

At any one line, Floats were passed until a set of three (all passing 
within the admissible ‘deviation ’) had been recorded ; the boat was then 
shifted to the next position, where a similar set of three velocity-measure- 
ments were made, and so on. 

This process was begun at one bank and carried gradually right across 
to the other: the Result will be called a “Ser” of velocity-measure- 
ments. 

The observers then changed places, and the whole of the above process 
was repeated in the opposite order, constitutmg a second Ser. 

A third Ser would then be executed with observers again interchanged, 
and so on. Under favorable circumstances, one Set of velocity-mea- 
surements was executed in an hour. 

The above arrangements were adopted for following reasons,— 


a. Three observations at each linc were considered necessary to eliminate mere 
errors of observation. 

b. The interchange of observers to eliminate ‘ personal equation.’ 

ce. The number was limited to three to allow of measurements right across the 
channel within a moderately short time, and therefore under somewhat 
similar external conditions. 
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29. Reduction of the Observations.—-The mean of each set of three 
velocity-measurements along any one line was considered to be the “ velo- 
city” along that line freed from observation errors. 

These ‘ velocities’ so found were plotted—for each Szt—on a suita- 
ble scale perpendicular to a base line representing the surface width of 
the channel, thus laying down 17 points in the Surface Velocity-Curve 
(Art. 9) which was completed free hand. Each day’s work was plotted 
on the same base line; so that two to four Surface Velocity-Curves 
were plotted on the same base line. . 

The particular Curves were found to be of very yerenuae shape, and to 
disagree extremely in detail, the position of the line of maximum surface 
velocity varying over half the width of the stream: in fact the disagree- 
ment between each curve was so great as to render it at first sight seem- 
ingly a hopeless task to disentangle any simple laws out of such variable 
data. 

{This great variability will be recognised as the necessary consequence of the 
fluid motion being really UNSTEADY, as explained in Art. 25). 

It seems unnecessary to publish all the daily curves: a few only 
(Plate III.) are annexed, to exhibit their disagreement. 

30. Surface-Discharge.—After a time, however, it seemed proba- 
ble that the curves—though disagreeing greatly in detail—interlaced in 
such a manner as to be of tolerably constant area. To test this point, 
the area of each separate curve was calculated as accurately* as possible. 

It will be seen that the measured ordinates of the Curves divide them natarally 
into 5 sections, which are sub-divided into 2, 3, 4, or 6 equal spaces by measured ordi- 
nates—(the ordinates being of course velocities). The Area of each Section was 
separately calculated: that of the central (a 6-space section) by Weddle’s* Rule : 
that of the rest by Simpson’s *Rule (for a 2-space, a 4-space section) or by the cubic* 
Rale (for a 3-space Section). 

In computing these Areas, the extreme ordinates (marginal surface- 
velocities) which do not admit of direct measurement have been assumed 
to be zero: the validity of this assumption is discussed in Art. 35; their 
magnitude is certainly very small, and the width of surface affected by 
it (in computation of area) is a very small fraction of the whole Surface 
width, so that the resulting value of the Area is not sensibly affected by 


an error in estimating the marginal velocity. 


* See Moore’s Elementary Mensuration for a complete exposition of formule for approximate 
calculation of areas. 
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SURFACE VELOCITY-CURYES 
at Centre-section of Solant Aqueduct, Left Chamber. 


Abscissa indicate distances from the centre of the Cross-section. 
Ordinates indicate surface velocities. 

Seale for Cross-section and abscisae, 20 feet to an tack. 

Scale for ordinates (velocities), 16 fect per second to an inch. 
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The Results are exhibited in Tables I—III., of which the following is 
an Abstract of contents :— 
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The Sets are arranged into Serizs for intercomparison according to the 
variation of Gauge-depth—it being considered that Experiments are com- 
parable only under similar circumstances—a principal condition of which 
is approximate equality of gauge-depth. 

Col. 3 of the Tables (I., II., III.) exhibits the details of velocity- 
measurement along each ‘line of motion’. Each horizontal line exhibits 
a complete Ser of ordinates of one ‘velocity-curve’. Col. 4 exhibits 
the areas of the individual ‘ velocity-curves ’—which of course represent 
the Surrace-DiscnarGeE at the Section (in square feet per second). 

It will be seen that much as the Details of each separate Curve (com- 
pare the figures in any one vertical column under Col. 3) differ, the 
Areas (Col. 4) are tolerably constant, and that the discrepancies in these 
are chiefly due to the Observers’ ‘ personal equations’. 

The ‘'Timekeeper’ of each Ser is indicated by his initial (W. or R.) 
in Col. 6; after combining the Results (of Col. 5) by pairs (W., 
R.), so as to eliminate as much as possible the effects of ‘ personal equa- 
tion,’ the Results, see Col. 7—are much more approximately constant, 
the discrepancies from the mean of Col. 4 being shown in Col. 8. 

: KE 
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TABLE 
SURFACE-VELOCITIES 


Sovran EmpankKMENT—Surface 





























































1 | 2 3 
S r SURFACH Vi 
A ; = (Each Velocity ia the mean 
Z| st | & ai 
a é ~ & Left of centre. ¢ 
2 | 8 DE een ee eae eae, (EEE A Oe Se ee 
S| st} ew | ao | zm | 7 | 6 | 6o | 40 | 2 | 8 | 2 | 40 
| 3 
g. 
16°12 5 | Details omitte2 for 
| 9°30 
a . The Ropes used on these days stretched so much, that the actual 
m2 9501 effected at the proper distances from the centre. 
= 22°12 
19-5 
n The calculated Surface-Discharges have been 
24°12 | 9-70 
29:12 ' 9°60 
| | | 
| s+ | 2946) 3-41) 3801 395! 4:29) 4-48) 4:05: 4-05] 4-35] 4-35 
| | | | | 
® | 2'50| 3°41) +301) 3-70) 3°95) 4:17) 4°35! 4:22) 4-11 4°35) 4°69 
QL; 312) 3-57) 3°52) 3941 400° 4-41] 4°34] 4:16) 3°79] 4-22 
| | | 
0 | 213) 3-09) 3°45 3:66] 4:00 sl 4°29, 4°41] 4-55! 4-41] 4°55 
& | 
es 2 2°33, 2°97 3°57 3°35) 4°05) 4:05) 4°97) 4:17) 4°35) 4-05) 4°29 
mm a 
5 | | | 
3 g 2°22: 3°19) 3°45) 3°75) 4°05] 4°35! 4:55) 4°35] 4°35) 4-41) 4-17 
KS 
rS 
5 2-25] 3-26) 3-57| 3:B5| 4-11] 4:55) 461] 4°05) 4:55/ 4:29) 4:41 
7) 
< 





2°50) 3°53) 3:90) 3:90) 4-40) 4°35) 4-17) 4°29) 4:22) gel] 4-22 





313] 345] 3°75} 4-00) 4:17) 4-76) 4°55] 4:17) 4.61) 4-48 


18g} 2-78} 3°23) 3°70) 380} 3°90) 4°55] 4:29) 3-90) 4-17) 4-17 


cen Gym | ee eee | atone Cr sce enasoueaion uid gasambeaenig oe cea STD 





ae § eampenmanen 





309} 3:52) 575) 4-03) 4-19, 4.43) 4.27) 424) 4.25) 4-36 





SURFACE-VELOCITIES. 35 


I. 
AND DISCHARGES. 
Width, about 168 feet. 
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TABLE 

SURFACE-VELOCITIES 

Soranr Aquepuct, Lert Cuam- 
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II. 


AND DISCHARGES. 
BER—Surface Width, 84 to 85 feet. 
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Serial No. 


SERIES 7. 


SERIES 8. 
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TABLE 
SURFACE- VELOCITIES 


Sotanr Aquepuct, Ricut Cram- 
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III. ° 
AND DISCHARGES. 
BER—<Surface Width, 84 to 85 feet. 
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These discrepancies are——considering the variable state of the external 
conditions—(principally wind) all comparatively small quantities, the 
largest (at top of Table III.) being 12-96 out of 321-72, or about th 
part of the quantity measured, and the majority far less. 

This can only be due to one of two causes—either, 

1°, The Total Surface Discharge is approximately constant under similar 

external condittons, though its distribution across the surface is very ( (8). 
variable from instant to instant, ........ ere tosduee amecene Siuataseradass 

2°, Or else, the velocity-measurements in each ‘stream-line’ not being) 

simultaneous, (but taken in succession,) it is probable that each veloc- 
ity-measurement is affected at a different phase in the variation of 
the velocity in that stream-linec: in which case it is possible that the t (9) 
Total Discharge as computed from a number (17) of velocity-mea- : 
surements in different phases of their variation may be nearly the 
same (on the whole) as if cach velocity-measurement had been a 
measurement at its OWN MEAN DNASE, sorerecrererecocenvvocces peacahaunsanasees 


The former Result would—if it could be established—be one of great 
interest, as it is certainly not yet known to be a law of fluid motion. 
Unfortunately the second explanation equally well explains the close 
approximation of the numerical values of the Surface Discharges, and 
without the means of making really simultaneous observations, it would 


be impossible tg detect which explanation was the true one. 


[Similar Results will be proved Art. 58, for the (superficial) Discharge in a vertical 
plane. It would be important to extend these Experiments to other horizontal 
planes besides the Surface, but this could not be done in one season}- 


31. Surface Velocity Mean Curve.—It has been explained that 
the particular Velocity Curves of each “Set” of velocity-measurement 
were of very irregular shape, and disagreeing in detail, When however 
many “ Sets” of measurements had been made, and the mean of velocity- 
measurements calculated for each line of motion, the Mean Curve resulting 
from plotting these “‘ mean velocities” was found to be a strikingly regular 
curve lying nearly symmetrically about mid-channel. 

See Plates 1V., V., which exhibits the four syrface-velocity Mean Curves 
resulting from the Series Nos. 3, 5, 6, 7 of 10, 15, 14, 16 “ Sets,” res- 
pectively, of which the details are given in Tables I, II., IIL, 

This points to the conclusion (Result (5) of Art, 26) that 


“The mean ‘velocity’ at a point—taken through a considerable interval of i | 
—ije contant in magnitude under the same external conditions.” 


This conclusion being once adopted, it follows that the Mzan Curva 
of Surface Velocity is invariable in form under the same external condi- 
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tions at the same section, and that, therefore, this Average surface-velocity 
at any point is a function solely of the position of the point in the surface, 
so that 

If « == average surface-velocity at a distance y from mid-channel, 


U = f(y), ceccercecsscccesrevocoerseseceee (10). 

The form of the function (/*) must be expected, however, to depend on 

the shape of the cross-section, on the nature of the bed and banks, on 
the slope of the bed, aswell as on the external conditions. 


(The difference of form of the Mcan Curves in Plates IV., V.; the statement in 
the Mississippi Report, (p. 237,) that this Curve is a parabola (in certain cases) ; the 
difference of form of the Surface Velocity Curves in the Darcy-Bazin Report; and 
the statement in the Révy Report, v. infra, that the Surface-velocity at points in the 
section varies as the depths under those points (in certain cases); all these consid- 
ered together, make it certain that the functional form (f) depends on these vary- 
ing elements]. 


32. Remarks on the Révy Results.—Mr. Révy asserts (page 114—119, and 148 
and 147 of Révy Report), that 


“ The Surface-Velocity at any point of the same cross-section is simply pro- ' 
portional to the depth at that point ag! seooeavnee SCTHEHADHOOESOS SUEDE HESS oe FHF SHOHy 


Now, although a close approximation to this does clearly result from his Experi- 
ments, it is simply impossible that this can be a general law of fluid motion, as it 
would make the surface-velocity at a point independent of the distance from the banks, 
and therefore constant right across a rectangular section, which is contrary to fact in 
the latter case (see Plate IV. below, and Plates of Darcy-Bazin Report, passim). 

Mr. Révy proposes this law, however, as a general law only of Great Rivers ; but 
even for these his (published) experiments hardly warrant the conclusion that this is 
other than a particular law, or perhaps even only a local peculiarity. 

The Result depends apparently (pages 114—119, and 1483 of Révy Report) solely on 
two Series of Experiments,—one on the Paran4 River, one on the Uruguay River :—in 
each of ‘which the velocity-measnrements were effected only at 9 different points (sce 
his Plate V,), none of which were near the banks,—the nearest points to the bank 
being (by measurement of the scale)— 


.Parané River :—930' from right bank, 460' from left bank. eae 
Uruguay River :—100’ from right bank, 150' from left bank, ...... vee 


Moreover these velocity-méasurements were not always at the positions of the 
Soundings : and the soundings appear to have been taken only on the Eaperimentat 
Seotions, and may therefore not fairly represent the average depths for some distance 
above and below the section. 

The only way in which Mr. Révy’s proposed law can be conceived as a generat 
law of open channels, is in channels whose bed and sides are of soft material, in which 
case it is quite conceivable that erosion will take place until the relation of depth to 
distance from banks is such that the surface-velocity may be simply eee to 
the depth, 
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33. Surface- Velocity Mean Curve in Soldnt Aqueduct.—The form of . 
the Mean Curves for the Chambers of the Soldni Aqueduct was so strik-: 
ingly regular, that they were selected for trial. 

After various trials it was found that 

= half breadth of channel. 
y == abscissa of any point on b (measured from centre). 
== central mean-velocity <= max. ordinate. 
== mean velocity at any point whose abscissa is y 
== ordinate of mean curve. 
Then the following simple equation | 


would represent the actual mean curve of the observations to a high 
degree of approximation. 

The three bottom lines of the “ Series" Nos. 5, 6,7, Tables I1., IIL, 
show 

(a), the mean velocities (at each point) by observation. . 

(3), the calculated values of the same as by formule (11). 

(c), the discrepancies between (a), (6). 

All these three Results (a), (0), (c), are also well exhibited graphically 
by the figures of Plate IV. in which 

(a), the Mean Curve of observation is shown by a clear line. 

(8), the Curve whose equation is (11) is exhibited by a dotted line. 

It will be at once remarked that the discrepancies (sce last line of each 
Series of Tables I1., IIT., or see figures, Plate IV.) are all small, as shown 
in following Abstract :— 

Peering lovee Discrepancies between curve and formuls 


Table Gauge-depth 














fe 5 15 8''90 — 9-05 | Extremely minute in general, 
14 8°75 — 8°90 | Mostly very small. 
iy. 7 16 8'65 — 880 | Mostly small. 





The discrepancies will be observed to be mostly 
_— in left half carve 
+ in right half curve t of Left Chamber, 
-+- in left half curve} 
— in right half curve | 


This shows that the ‘ Mean Curves’ are not quite symmetrical about 


PLATE IV. 


\ULIC EXPERIMENTS AT ROORKEE. 


SURFACE VELOCITY MEAN CURYE, 
( At centre Cross-section of Solani Aqueduct ). 


EXPLANATION, 


asa are figured on the Cross-sections to right and left of centre. 
ordinates of all the Curves represent Velocities. 


Meas Carves of observation are clear lines, 
4 


u® 
(urea of Equation - =| mc z= 1, 0re dotted lings 
lo 


yor Cross-sections and Abscissa, 25 feet to an itch. 
for Velocities (ordinates), 2°5 feet per sec. to an inch. 
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‘mid-channel, which is probably due to the position of the two chambers 
with reference to the channel above and below them,—see Plan, Fig. 3 of 
Plate L—and to their length (872’ = about 10} x width) not being 
sufficient for the motion to become quite similar to motion in a very long 
uniform channel. 

The discrepancies are also on the whole larger,— 

On the left side of the Left Chamber. 
On the right side of the Right Chamber, 

This is probably due to the partial contraction (nearly a foot) of the 
“ surface-width” when the surface rises over 8’ 3” above the bed (see 
Section, Plate IV.), as it did in all these Experiments. 

{Zt wonld of course be possible to find a modified form of the Equation (11) which 
should more nearly represent the actual Mean Curves, but as the chief discrepancies 
explained above appear to be local peculiarities, it does not appear worth while to do 
#0 ; the object of this inquiry being to discover laws of motion in regular channels of 
great length}. . 

It will be noticed also, that the discrepancies are mostly extremely 
minute in the case of Series 5, Fig. 4, corresponding to a gauge depth of 
8’-98 — 9'-05, and appear to increase as this depth decreases. This bears 
out the Remark that the form of the function (/) probably varios, , with 
the depth. 

This curve may be called a “quartic ellipse”—from the ssacehblales 
of its equation to that of the common ellipse: it also resembles an ellipse 
in form, having the same vertices and tangents at the vertex as the atipes 
(u, x being co-ordinates), 


+* y* 
we t= 
bat lying everywhere closer to those tangents, and therefore outside that 


ellipse, 
Its area taken right across the channel represents the Surfaoe-Dis- 


charge (D,). 
_ ‘This is most conveniently found from the area of its projection formed by ‘ =m 
ing’ the curve so as to alter all the ordinates (w) in the ratio 5: ee ee 


© = 2. _w the equation of the projection takes the simple form 
a* + y* — $* 


the area of which is most easily found from its polar equation 


ry oe _ HYDRAULIC EXPERIMENTS ar ROORKEE. | 
“eh (oon Op int Ot | 
= bt { (cos? @ +. ain* 0)? — 2 (sin 6 cos oy} 
sz 8 {1 — 4 sin? 26} ™ 


_ ee 
Whenes its Area = fF v1 d0 = /73 o* (1 — 4 sin’ 20°F ao | 
= 3 3? 2 (1 — 3 sin’g)-# dg, writing 20 = ¢ | 


= 3. Sf? (1 — 3 sin’¢)~ 3 ap. (See Todhunter’s Int, Cal. Ast. 41), 
© | 


gg definite integral is a complete elliptic function of first order whose modulus 


is a : its value is known* to be 1°85407.......00 saseoeLLENCe 


Area of projection = 1-85407...... 3? 
and by the principle of projection 


Surface Discharge = 7 x Area of projection 


Hence 
Surface Discharge == 1°85407 ... uo b 
== ‘927 .. x Mean Central velocity x with of channel,..(12). 
This interesting Result, that the surface velocity mean-curve in both 
chambers of the Soldni aqueduct closely approximates to the simple 
geometric curve, 
aus 
ath = 
is probably however only a particular Result, t.¢., that this Carve is pecu- 
liar to the case of— 
“ Rectangular Masonry Channel flowing about f of its width deep ”,......-+.(13). 
It would be interesting to continue this investigation under varied 
conditions, but in the present short course of Experiments these changed 
conditions could not be realized. 

Soch an Experimental investigation would be necessarily very tedious, 
as about 10 working daye (i. ¢., excluding windy days, rainy days, and 
holidays) are necessary to the eoaaniatnsn of sufficient data goa stady~ | 
ing the geometrical form of one Mean Curve. ae 
And suitable Experiments could hardly be made at all, unless the exi- 

gencies of Canal Administration would admit of the conditions (viz., . 


* See Bncycl. Mett., Art, Dofinite Integrals, p. 520. 
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depth of water) being maintained steady for at least (ten working days 
or say) « fortnight at one time, and then varied. 

34, Surface-velocity Mean Curve tn Solénd Embankment.—~Plate V.ex- 
hibits the Mean Curve resulting from Series 3 (Table I.) of Surface-velocity 
observations at the two experimental sections (Art. 11) in the Solani 
Embankment. The Series consists of 5 Sutra of velocity-measurements 
at each section. 

(The average cross-section in neighbourhood of each experimental section was 
found in the manner indicated in Art.19. The resulting average sections were 6o 


nearly the same, that it seemed preferable to combine the two Series of 5 Surs at 
each section, so as to form & sufficient number to give a good average]. 


The Mean Curve so jformed is strikingly symmetrical—even to its 
irregularities—about the centre line. 

The most striking irregularity is the unusual feature of a wide-spread 
small depression about the middle, so that there are two lines of maximum- 
velocity about 40 feet to Right and Left of the centre. 

This may be due to either of two following causes, or partly to both :— 


1°, Itis possible that the influence of the central pier of the Solani Aqueduct 
distant only 2860 and 3195 feet, respectively (see Plan, Fig. 1, or Art. 11) 
may be sensibly folt at this distance, 

2°, The Average Cross-section (Plate V.) shows that the bed is decidedly shal- 
lower about the centre than for about 50’ on either side of it 


Hither of these two causes separately might account for it; without a 
much more extensive series of experiments it seems impossible to assign 
it to either with any certainty. It is even possible that the moderate 
shallowing noticeable about the centre may itself be due to the action 
of the distant Pier of the Soldni Aqueduct causing a deposit of silt 
above it. 


[in consequence of the doubt as to the cause of the above hollow, itis not worth 
while attempting to discover the equation to this Curve. } : 


Two minor irregularities occur quite symmetrically in the form of 
slight depressions in the curve about 70’ to right and lefi of the 
centre. It seems probable that they are due to the proximity of the 
salient corner of the last step on either side, which produces an abrupt 
diminution of depth at 75’ on either side of the centre, and may begin 
to affect the surface motion first about 70’ on either side of the centre, 
more than the bed does, being actually nearer to the surface at those points 
than the bed under them is. 

The great flatness of this curve is remarkable: the yelocity being barely 
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less than the central velocity over a central space of threé-fonrths of ry 
whole width : it is thus much flatter than the similar ‘Mean Corres i in fhe a 
Solani Aqueduct. _ 
85, Marginal Surface-Velocity.—This is a quantity of not aaa 
practical importance, as it is too small to sensibly affect measurement of 
Discharge : it is, however, of great importance in the Theory of Suid: 
motion ; unfortunately, it does not admit of direct measurement by any 
process yet known: and, indeed, with “Free Instruments,” (4. ¢., 
“ Floats”, see Article 12,) it is impossible to’ measure “ aa close 
to the edge with any accuracy. 
- Many attempts were made to do this with « Floats ”, ” but they ali 
failed from the same cause; the Floats invariably daviated rapidly to- 
wards the centre, and, therefore, entered into quickened stream-lines. _ 
The following comparative Results were clearly established by a very 
large number of trials with small 1-inch floats, and with minute pieces 
of straw in the channels 168’ and 85’ wide at surface in both the Solani 


Embankment and Aqueduct, 
(1). Ina uniform channel the “ velocity ” in the surface stream lines 
near the margin decreases very rapidly with proximity to a vce (14) 
margin, and at the edge itself is very small, and probably zero, 

(2). And there is a constant surface motion (deviation) from the 

edges towards the centre, moat intense at the edges wi} ew (16). 
rapidly deccreasing with distance from the edges, .............4. 

It is easy to verify these Results by watching the motion of small 
particles of stick, straw, foam, &c., near the edge of a uniform channel, 
(i. ¢., with atraight edges for a considerable length): they will be found 
to bear out the above Results: in particular it will often be noticed that 
particles touching the edge often cling to it for an appreciable time, and 
when they do move, rapidly leave the edge. | 

It is interesting to remark that the equation of the surface-velocity 
Mean-Curve (Eq. 11., Art. 83) fully satisfies the requirements of 
Result (14). | ; 

{Mesers, Darcy and Bazin do not discuss this question : it may be seen incidentally, 
however, that they differed in opinion as to Result (14): for in two instances the 
surface-velocity curves are delineated in their Atlas (eee Plate XVIIL, Fig..7, 8),. 
and in these the marginal portions are drawn (free-band) with ordinates which are 
not extremely small, 

Any one plotting the surface velocity curves from the figures, Tables af thatr nu- 
. merous Experiments would probably on first. trial be tempted to draw in ‘the mare 
_ ginal portions (free-hand) with ordinates not extremely small, but it must be remarked 
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dit ectuat pene ee have been effected prepertiviately mw, ieee 
| Sad rs cad aaa ae than inthe Dhancy- Basin Experiments, ax ten 


{— 


Fait Sarteoe 


Minimum distance from 
Width ot eee = fr Tistance istance from ego 


Present Experiments, | 85’ about “626 feet, | -00785 of width, 





Darcy-Bazin Experiments, | 2 metres | 03 metre, | “015 of width, 





and that the comparative Results (14), (15) above, are based on Experiments much 
closer atill to the edge: farther the free-hand drawing of the marginal portions of 
the surface velocity-curves of the Darcy-Bazin Experiments may be perfectly well 
executed so as to satisfy the requirements of the Results (14, 18). 

36. Relation of central surface-velocity to depth.—This is one of ‘the 
most important inquiries in Hydraulics, especially in a ranning canal, 
for if the central surface-velocity corresponding to each depth be known at 
® given piace, and if the relation between the central surface-velocity and 
mean velocity be aleo known, the mzay vELocrTy could be found from a 
simple observation of the gauge depth, which would be a remarkable simpli- 
fication of the ordinary labor of the Engineers of a running Canal as re- 
gards measuring Discharges. 

. Central-Surface velocities had been observed in large numbers in the 
course of these Experiments with range of depth varying from 5-9 to 9°7 
in both Chambers of the Soléni Aqueduct. 

As a first step, the whole of these Surface-Velocity Measurements | in 
the Solan Aqueduct were abstracted in Tables according to the varying 

‘ gauge-depths’ on the Standing Gauge; the state of the Wind being 
carefully entered against each entry. The Means of all the velocities 
under each ‘gauge-depth’ were then taken—without regard to the state 
of the Wind. 

- 'Velocity-curves were then drawn, the gauge depths being the abscissica 
and the Means of velocities corresponding the ordinates. 

. The Curves so drawn were so irregular that no conclusions. could be 
drawn at all; ; on examination, however, it apres that the nae 
irregularities were dune to Wind. : 

Ag the next step, all the observations cals on windy days were strack : 
‘out: this of course removed half the data : but the ara data 
be considered good: — 
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| “the Means of all Sclsciey aadeamnats made.in a cal, were, ¢ neat Te 
| taken, and the Velocity-curves drawn as before. a bee | 

These. curves will be seen to be tolerably. regular Oiteenee Plate vE, | : 
most of the irregularities (due to Wind) have in fact disappeared. 

As to the still apparent irregularities, it may be observed that the | 
number of observations on which the several ordinates (velocities) depend . 
is very different—¢, g., one ordinate depends on only 8, and another on 
$21, observations. 

[As the finid motion hes been shown to ‘be unsteady, 80 ‘that only average velo~ 

_ tities taken over a long time,—or in other words only means of a very large number 
of observations—are fairly comparable among one another, it is clear that those | 
ordinates (velocities) which depend on only a small number of observations are not 
fairly comparable wilh the others, ] 

Excluding — or rather, attaching little weight to—these ill- determined 
ordinates, both Curves will be seen to be nearly regular, and to be approz- 
tmately straight, ¢.e., within the limits of the observations. 

Another source of irregularity is that the observations from which these 
Curves have been plotted—not haying been made for the express purpose 
of this investigation—were made without reference to the state of the 
Canal, viz., whether rising, steady, or falling at the time). 

In order that the observations might be perfectly comparable for the 
present purpose, they should have been taken in equal numbers at each 

depth, and only when the Canal was in a steady state of level. 

‘In seeking to represent these Curves by an equation, which shall there- 
fore give the central surface-velocity as a function of the depth, it must 
be remembered that the velocity must necessarily vanish with the depth, 
- 80 that the Curve must pass through the origin of abscisse: on ex- 
smining the figures this shows that the Curve must be concave to the 
axis of x. . 
' ‘This naturally sagests a parabola as a suitable form of curve : on actual 
_ trial it was found that the following parabole agree approximately _— 
the Curves of observation throughout the range of observation. 


== 2¢ for the Left Chamber, Ms w( 8). 
v2 2 1-9s for the Right Chamber, f 077°" OO). 


Plate VI. exhibits these Curves—(Curves of observation iy clear lines, 


- par aboleas by dotted lines) : the gauge-depths (2). ate figured | ‘below the 


» Base line, and the Watcuts of observed values of ordinates—i, ¢, the 
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CURVES OF CENTRAL SURFACE VELOCITY ior ac 7 
at Centre-section of Suldni Aquoduot. | 





Abecleses represent depths on scale of 90 feet to an inch, 
Ordinaies represent velocities (¥,) on scale of 9'5 Seal per tec. to an inch. 
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| ‘numbers of observations on which each observed ordinate (velocity) de- 


pends——above the Base line. 
' [Much confidence cannot of course be put in the correctness of the above Results 
(16) beyond the limits of the observations : all that can be said is that within these 
limita, hich embrace however the most important practical range (5'°9 to 9°7 depth)— 
the Result (16) nearly represents the observations of calm days. 
Bat the convexity of the curves is so slight within this range that almost sa para- 
bolic curve v, == a%/p™' 2 would suit nearly as well. 
Tf instead of the ‘ depth’ (2), the ‘ hydraulic mean depth’ CR) be taken as the vari- 
able —— it will be found that the common parabola whose Equations are 
v,* == 2°48 R for the Left Chamber, (16a 
ot = 944 R for the Right Chamber, base slteneeiisseasealGa); 
alao agree approximately with the Curves of observation throughout the range of 0b- 
servation. 
The latter Results hy which v? o R agree in form with the well-known formule 


(where U = mean velocity, 
U = ‘By, and U = ‘92 a/ 2Ri, whence v, ae AL Bo eesssseeceee(16B)y 
and also with the Darcy-Bazin Nesults by which (Darcy-Bazix®Report, pages 12, 157)° 
BI = (a + £)UY, andy, =U + KV BE 
whence may be easily deduced 
m= {(at£) +E} vil 

where a, 8, K are certain constants, and the quantity (<. oo fy is also sensibly 
constant within the range i the present observations, so that the vy, a »/R within 
that range nearly]. 

36a. Practical suggestion-—The shove suggests that in a running 
Canal, the labor of observation in measurement of Discharges at all places 
of permanent section (as in masonry channels), where there is also a per- 
manent Gauge, might bd altogether saved for the future by a really good 
series of measurements of central’surface-velocity taken on suitable oo~ 
castons, 

This is a work which might readily be done by every Canal officer for 
hia own division. 

‘The following conditions should be attended to in selecting the oc- 
casions for the field worki— aAWaw SALAR JUNG BAHADUR. 

1°, The air should be quite calm. 

_ 2°, The Canal should be neither rising nor falling, i. e., the Standing Gauge 
should have been steady for at least one day preceding the measurement ; 
and unless it remain steady throughout the following day, the observations 
should be rejected (as far as the purpose here proposed is concerned), 


8°, The occasions most suitable for the purpoee are when the Standing Gauge 
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| marks cach successive quarter foot of depth or thereabouts; thus three 

different days’ work with gauge depths of say 6’, 6°25, 6°5 would be far 
more useful than three days’ work with almost coincident gauge copes 
say 6’, 6':05, 61. 

4°. Opportunities with a very low Gauge-depth, or a very high jab eanist vine 
Condition 2° above—wonld probably not be numerous : they should be util- 
ized whenever they occur, as they are the most important of all in studying 
the shape of the Curve. 

5°, The observations should be made with all practicable accuracy, and, if pos- 

sible, all by the same person, (not only on each occasion, but on all the 
occasions). 

6°. To secure a good average value of the velocity, at least 50 observations 

should be made at one time ; the mean of these would be considered the 
average central surface velocity due to the particular depth at the time for 
a calm day. 

These mean velocities should be plotted so as to form a Curve in the 
manner explained above, (similarly to the Curves of Plate VI.) It is 
unnecessary for tha, practical purposes of a Canal Engineer to try to 
form an algebraic equation for the Curve. 

To estimate the Discharge in future at that place, it would suffice to 
read accurately the gauge-depth on a calm day when the Canal was 
neither rising nor falling. 

_ The Carve, already laid down, would indicate sufficiently by its ordi- 
nates the Average Central Surface Velocity. 

{It is improbable that any observations hitherto made, not with a view to the 
express purpose here proposed, would be accurate enough for this purpose. 

’ The Author obtained* all the recorded observations now available in the Northern 
Division, Ganges Canal Office ; these consisted of only— 

18 velocity-measurements in both chambers of the Solinf Aquedact, 

33 ditto at Belrah, lower down the Canal, 
taken at odd times by different observers, extending over several years, and in all 
states of wind. 

Each separate “ velocity-measnrement ”’ is believed to be the mean of only five 
observations, and is therefore a very poor measurement of “ average velocity,” even 
when made in a calm. 

The Curves corresponding to each locality were plotted, as before explained, and 
were found to be so irregular as to warrant the belief just stated, that previous 
observations could not be utilised for this purpose]. 


* From the Executive Engineer, Capt, J.B. Western, RE. 
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CHAPTER III. 
SUBSURFACE- VELOCITIES. 


37. Subsurface Floats—For measurement of “ subsurface-velo- 
city” no “ Free Instrument” (Art. 12—II.) yet tried can be said to be 
thoroughly satisfactory. The “Free Instruments” intended for this 
purpose may be roughly classed as “‘ Instruments of direct observation”, 
and “ Instruments of indirect observation”, their respective aims being— 


i. INSTRUMENTS OF DI- t To measure “ velocity ” at a noes depth dy direct . 
RECT OBSERVATION, observation. 

ii. INSTRUMENTS oF INDI-| To furnish data from ea the “velocity” at a 
RECT OBSERVATION, certain depth may be deduced by calculation. 


38. Instauments oF “ DIRECT OBSERVATION”.—These consist essen- 
tially of a mass of tolerable size submerged (by its own weight) to the 
depth at which it is desired to measure velocity, and connected by a fine 
wire or thread to a small “ surface-marker ”. 

The difficulties in the way of designing a suitable instrument are that 
an attempt has to be made to satisfy several conditions of a really in- 
consistent character. The essential conditions are in addition to the pre- 
vious six (Art. 12—TII.)— 

~ 7°, The submerged mass must be of sufficient mean specific gravity— 
(a), to sink rapidly to the depth intended. 
(4), to retain itself at that intended depth. 
8°. The submerged mass must be prevented from sinking beyond the intended 
depth by a “surface-float” to which it is joined by a very fine wire or. 
thread 


8°, The exposed surface of the “surface-float” and “ connector” must be so 
smali that the action of the current on them may be fairly negligible in 
comparison with its action on the submerged mass, 
10°. The materials should be such that the several matters of adjustment (7°, 8°, 
9° above) are very little affected by variations of dryness and moisture. 


The most important condition of all in an Instrument of “direct ob- 
servation” ig No. 9° (above), as unless thie condition is satisfied the 
Instrument cannot fairly be called one of direct observation. 

It will, however, be obvious that conditions 7° and 9° (above) are es-' 
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sentially inconsistent, and can therefore only be partially satisfied by a 
compromise. The practical difficulties in the way of satisfying these (7° 
and 9°) sufficiently nearly, as well as condition 10°, and also the conditions 
of strength and cheapness (5° and 6° of Art. 12) were found very diffi- 
cult to fulfil. | 

When all the conditions are tolerably satisfied, it may be fairly assamed 
that the Instrument will yield a measure of the 

Average ‘ velocity ’ along its line of motion at the depth at which ita centre is sunk”. 

Two descriptions of this class of Instrument were tried: these will be 
styled for brevity the | | 

(1). Subsurface “SinaLtE BALL” or simply “ BALL” ,—for description, &c., sce 

Art. 40, et seq. 

(2). Subsurface “ Tin ”—~for description, &c., see Art. 44, et seq. 

39. InstTRUMENTS OF INDIRECT OBSERVATION.—lIn these it is sought to 
measure certain data from which the “ velocity” at a given depth may be 
deducd by calculation, these data being such that the Instrument need not 
folfil the almost impracticable conditions 7°, 8°, 9°, 10°. A serious objec- 
tion to such use is that the deduction of velocity from indirect data can 
only be done by assuming a law of relation between pressure and velocity. 
of current fluid. The law of this connexion however is probably not 
known with sufficient accuracy to make it the basis of so important a 
research as the law of velocity-variation in current fluid. 

Two descriptions of this class of Instrument were tried: these will be. 
styled for shortness the 


(1). Subsurface “ Twin-BALLs ’—for description, see Art, 48, et seg. 
(2). Rods—for description, see Art. 68, et seq. Fig. 6. 


40, Description of Subsurface “Ball”.— 
A spherical Ball of 3° diameter was carefully turned = 
: 
| 
| 


> 


(in a lathe) of heavy wood—( Hind. “Khair”, Acacia 
Catechu)—specifically heavier than water: the 
‘ gurface-float’ consisted either of a disc of Eng- 
lish deal 8” diameter and #” thick, or of a slice of 
cork (part of a‘ bung’) about 2” diameter and 8” 
thick. | 

The two were connected by an extremely fine brass 
wire (No 80, Birmingham Wire Gauge, weighing 
only 2°44 grains per foot): the ends of the wire were 
passed, one through a hole in the middle of the ‘ Surface-float’, the other 





‘ 
= | 
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through a fine hole, bored right throngh the “ Ball”, and were then each 
wound twice or thrice round a tiny splinter of wood, which sufficed to 
prevent the wire returning through the hole. _ 

The ‘ Ball’ and ‘ Surface-float’ were made always of the sizes above 
indicated, but the weight of the ‘ Ball’ was adjusted—by Experiment in 
still water—so as to sink its ‘surface-float’ almost to the water's edge :—= 
thus, if any ‘ Ball’ proved to be too heavy for its floats, some of its mass 
was removed by boring a cylindrical hole at the end m, and if any ‘ Ball’ 
proved too light, lead was countersunk into it at the end a until the desired 
adjustment was effected. 

The cost of this Instrument was about 6 annas, 

41. Handling of the subsurface ‘ Bali’.—The use of a wire caused 
special difficulties in handling. It was found essential never to let the 
wire fall slack, as when slack it commonly ‘kinked’, and the ‘kinks’ 
proved to be points of excessive weakness ; many balls were lost owing to 
the wire breaking at a kink. 

To keep the wires straight the Instruments were kept lying stretched 
at fall length on a common bamboo framework (Hind. ‘jafari’) with rough 
fittings to receive the Balls and Floats. There was a similar ‘framework’ 
in each Boat. The men who handled the Instruments were drilled to 
handle them in such a way as never to let the wires fall slack. Of course 
care was necessary to do this properly in a stream running at 8 miles an. 
hour, but after a little practice it was found that—delicate as the Instra- 
ment may seem from the description—it would bear a good deal of use 
with moderate care. 

(There was a small daily loss due partly to breakage of wires, partly to difficulty 


in catching the float at the instant of passing the lower Boat, partly to absorption of ’ 
water by the Ball causing it to sink out-right.} 


42. Practical objections to the use of wood.—It has been explained that each 
* Ball’ and its ‘surface-float’ had to be specially adjusted by experiment, no two 
specimens of wood being exactly similar. It will be understood that in the endeavour 
to satisfy the contradictory conditions 7° and 9°, (Art. 88,) this adjustment was rather ‘ 
delicate : it was soon found that the specific gravity of wood varies 80 much by ex-: 
posure! to dryness and moisture—to the extremes of which these Instruments gre 
necessarily exposed in their ordinary use—as to render any fine adjustment useless ; 
thus, after the original adjustment had been completed in still water, it was found. 
that after one day’s drying in the air, many of the Balls became too light to sink at ' 
all antil after prolonged immersion ; and, on the other hand, after prolonged immer- 
sion (¢. g., during actual use) some of the Balls became 80 eee as to sink altogether 
‘along with their float, and were thus lost. 
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These difficulties—not at first anticipated—were to a considerable extent obviated 

by boiling the Balls for some hours in linseed oil, after which they ceased to be so 

affected by variations of dryness and moisture. Oo 
43. It is considered—as the Result of several thousand experiments 


with the “ Single Ball”, that this Instrument sufficiently fulfils all the 
general conditions 1° to 6°, (Art. 12—IL.,) for a “ Free Instrument”, and 
that it also fulfils the special conditions 7°, 8°, and to a lesser extent 10° 
necessary for an “ Instrument of direct observation”, but that it does not 
sufficiently fulfil (as here constructed) condition No. 9°, the most essen- 
tial of all for an “ Instrument of direct observation”; that is say, the 
exposed surface of the‘ surface-float’ is not so small that the action of the 
current onitis fairly negligible in comparison with its action on the sub- 
merged Ball. 

Improvement suggested.~The experience gained points to the substitu- 
tion of metal for wood for the material of the Ball, and to cork (or some 
lighter* material) for the surface float. 

44. Description of the Subsurface “Tins.”—Two circular discs, 
each 3” in diameter, were cut out of the thinnest sheet tin: a radial slit 
of =,” was cut out of each: the discs were then slid across one another 


so as to have a common diameter (each disc being passed through the 
To enable so small a ‘float’ to be used, 


slit in the other) with their planes at night Fig. 7% 
angles, and were then slightly soldered to- 
gether in this position, at one end marked ] 
@ in figure. 
The ‘Surface-float’ consisted simply of 
a thin slice of a cork—(such as is used for | 
soda-water bottles)—-not exceeding 1” in ia 
diameter nor 4" tn thickness. ath 
The two were united by a fine silk thread ‘ 
tied through a hole close to the edge of one 
of the two discs at the unsoldered end (m), a 
Te 5 
ir 
the angular spaces (m) between the tin a a ee 
discs were filled up with cork massed at “<_.gy 4 9 ganngloncy 
the end (m) where the thread was tied, and retained in position by fine 


and of the common diameter (ma). 


<——-~--d----~-~--» 


a 


<——- 3°--—> 3s” 
5 y 

abe 3 nnn mf 
: =F 


® Pith (Hind. “ shola’’) was tried, but was found to be too absorbent and too fragile, 
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wire; the quantity of cork being adjusted—by experiment in still water 
~—s0 that the combined weight of the tin discs and appendages were just 
buoyed up by the small ‘ surface-float ’. 

The object of placing the extra cork at the end (m) (where the thread 
was tied), and the solder at the other end (a) of the common diameter 
ma of the tin discs, was to cause that diameter to preserve a. vertical 
position. 

The cost of this Instrument was about 2 annas. 

[This Instrument is quite similar in principle to that described at page 252 of 
the Mississipi Report, as having been used for some of the most critical observations : 
the size there described was, however, 2” high by 8° wide, which is (in the Author’s 
opinion) too large for small streams, and for Experiment not near mid-channel of 
large streams ]. 

45. Handling of the subsurface “ Tin”.—This instrument is very 
simple and convenient in actual use. It was found sufficient when not in 
use to wind the silk thread round the hollow spaces between the tin discs, 
and unwind it just before dropping into the water, care being taken to 
prevent its tangling whilst running out. 

The adjustment of the Instrument is so delicate—in consequence of 
the very small size of the ‘surface-float’—that it was found necessary 
to have the whole of the cork and thread thoroughly wet before begin- 
ning actual experiments. 

46. It is considered—as the Result of 156 experiments with the 
subsurface “Tin”—that this Instrument sufficiently fuljils the general 
conditions Nos. 1,2, and 4, 5, 6 of Art. 12—II. of a “ Free Instrument ” 
—and that it also fulfils the special conditions 7a, 8, 9, 10 (Art. 88) 
necessary for an “Instrument of direct observation”, and in particular 
that it fulfils the most important Condition (No. 9°,) of such an Instru- 
ment to probably the greatest extent that is practically possible; but 
that it does not sufficiently well fulfil the important Conditions No, 8 of 
Art, 12—TJI., and 76 of Art. 38, and that if cannot therefore be trusted. 
This will be understood after reading the details of the “ comparative 
experiments” (Art. 55) on the different kinds of Instruments, 

47. Hydrometer.—The difficulties met with in constructing a good In- 
strament “of direct observation,” have been obviously due to the presence 
of the Surface-float necessary to prevent the submerged mass sinking 
outright. It was thought that a suitable Instrument might perhaps be 
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somewhat on the model* of the ‘spirit hydrometer’, cen 
surface-float at all, 

A hollow copper ball was constructed with a tube along one of its dia- 
meters through which a slender stiff wire could be slid, The ball was 
loaded with lead (inside) sufficient to make it float with the stiff wire 
{which corresponded to the stem of a spirit hydrometer) vertically i in still 
water, The design was however abandoned for following reasons :— 


1°. The wire intended tv project above thesurface to serve as a “ marker ”’ must be 
straight throughout its length : a wire of sufficient stiffness to retain its 
straightness in a length of 9}' during the somewhat rough handling of 
lifting in and out of the Boats must be stout, and therefore heavy, and will 
also expose considerable surface to the current in its length of 94’. 

2°, And will, therefore, require a large and heavily weighted hollow ball to carry 
it in a nearly vertical position when exposed to the current. 

8°, The Instrument when in the current will be in a state of very small vertical 
stability, and will bob up and down a good deal before attaining its final 
position of equilibrium. 


48. Description of thet “Twin-Balls”.—Two spherical Balls of 
8” diameter were carefully turned (in a lathe),—-one of a light wood 
(Hind, “ Sissi”, Dalbergia Sissoo)—one of a heavy wood (Hind, “ Khair”, 

Fig. &. Acacia Catechu), The two were connected by an 


' extremely fine brass wire (of same size as describ-~ 
| ed in Art. 40, and fastened off as there de- 
scribed). 
| The two Balls were mado always of same size 
. (3" diameter), and were brought to nearly same 
conditions of surface smoothness: the weight of 
the heavy Ball was adjusted by experiment in 
still water--by countersinking lead into ita lower 
¥ end (a); 80 as to sink the upper Ball to about 4” 
from the water-surface. | 
ae The use of wooden Balls was of course subject 
to the same practical objections as described in Art, 42: these were simi- 
larly to a great extent obyiated by prolonged boiling in linseed oil. 





* Suggested hy Dr. Murray Thomson, F.R.8.E., Professor of Experimental Science, Thomason 
C.E. College, Roorkee. 
- This Instenment is recommended in several Works on Hydranlice, ¢. 9., Nevitle's Hydraulic 
Tables, Keaines4 &c., Ind Bd, p. 25; Welabach’s Mechanics of pa and Engineering, 
Art, 376, 
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_The use of a wire caused the same practical difficulties as described 
in Art. 41: these were successfully met in the same way as there de- 
seribed. . : . 

(49. Theory of the “ Twin-Balls”.—As the utility of this Instrument 
depends entirely on the legitimacy* of the Theory by which the subsurface- 
velocity is to be deduced from the data furnished, and as its manner of 
use depends also on the requirements of the Theory, it will be well to 
examine the latter first, 

It is assumed that the action of the current on the connecting wire 
is so small as to be fairly negligible in comparison with its action on the 
two Balls. 

When the two Balls fall—as they usually will—into fluid strata of 
different velocities, one Ball must clearly move faster, and one slower 
than the fluid in which they are respectively immersed. It follows that 
the fluid accelerates one and retards the other; its action on either con- 
sists partly of direct pressure and partly of friction (or adhesion). 

Let a, = cross-sectional area of either Ball, 


v, == velocity” of fluidin which upper Ball moves, at the 
j it ‘ same 
vy =: velocity of fluid in which lower Ball moves, instant. 
“ == common velocity of the united pair, 
P,, P, = Direct Pressures (|| to axis of stream) of fluid on upper 
and lower Ball. 
FF, == Friction (|| to axis of stream) of fluid on upper and lower 
: Ball. 
k, dX, » are certain “constants” depending solely (a) on the nature 
of the fluid, (6) on the state of the surfaces of the 
Balls, (c) on the shape of the the Balls, and which 
have therefore the same value for both Balls, because 
the Balls are supposed to be of precisely similar shape 
and state of surface. 
(v, ~ %) = relative velocity of upper Ball and fluid. 
(v — u) = relative velocity of lower Ball and fluid. 
Now, according to the best experimental Results at present known as to 
‘+ Pressure” and “ Friction ” of currents on solid bodies floating in them— 


Pk (uy —u)?. a; Pie — (vu). B....(170), 


* No explanation of this is given in the Works quoted as recommending this Instrument, 
| 7 I 
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Fy = ye +r. (% — uta; Fi = jetar.(y- u)?}. 8, 1.004 (178). 


[See Rankine’s “ Manual of Applied Mechanics”, 38rd Ed., Art, 652,—for Results 
as to “ Pressure”, and Poncelet’s “Introduction 4 la Mécanique Industrielle,” Arts. 
$87, 888, for Results as to “ Friction ’’}. 


And, when the “ Twin-Balls” have attained a state of relative equili- 
brium, and are moving with a uniform velocity, it is clear that the 
Resultant Fluid Action on them must be zero, 7. ¢., 


Py + P, Be + F, = 0, cccccsceveee seveeecen( 18), 
whence (4 &@ + 0 @)- \ (vo — uj? —(v — u)* = 0, 
. (V9? — v?) — 2u (vo ~ v) = 0, 
or (vo — 0). | (v» + v) —2u} = 0, 
whence, as (v) — v) is not generally zero, it follows that 
Vo tv— 2u= 0, 
and v == 2u — Uo, «0. scaseaawatnueereeangeeees (10), 


so that, if simultancous values of the common “velocity” (uw) of the 
“Twin Balls”, and of the “velocity” of the fluid (v.) in which the 
upper moves can be obtained by direct observation, Result (19) furnishes 
at once the sought “ velocity” (v) of fluid in which the lower is moving. 
The preceding Theory is probably the best obtainable at present, and 

the simplicity of the Result— 
VY SH QU — Vey coscvcvce vecccverersesseees (19a), 


leaves nothing to be desired. Its successful application requires, be it 
observed, that the quantities £, A, 4, & be sensibly the same for both Balls 
which involve that— 

“ The submerged portion of both Balls should be sensibly alike in all res- 

pects of shape, size and state of surface,” ......ccccrcrnccseccccccccessevccese } (20), 

Now, it is practically impossible that the upper Ball should be completely 
submerged, as unless some small portion of it be permanently above the 
water, the Instrument, as a whole, will have no buoyancy whatever, and 
will certainly sink, The projecting portion may, however, be very smal 
(say 4” in still water). It is, moreover, difficult to make the surfaces 
such as to be always of sensibly the same state of roughness ; (especially 
when wood is the material used), 
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It is believed, however, that on the whole, the practical conditions 
above can be tolerably well complied with, and that the Instrument also 
satisfies all the general conditions (1° to 6° of Art, 12—II.) of a “ Free 
Instrument ” 

50. Use of the * Twin Balls”.—The Theory requires the simultaneous 
observation of the ‘velocity’ (v.) of the fluid in which the upper Ball 
moves, and of the common ‘ velocity’ (u) of the pair of Balls. Were 
the motion of the fluid what is technically termed Srmapy (Art. 238), it 
would be of little importance whether these two quantities were given 
by simultaneous observations or not; but, in consequence of the fact of 
the motion of the fluid being decidedly unstapy, ( see Art. 25,) this 
Condition—that the two observations—for determining v, and u—be simul- 
taneous, becomes of more importance than all the others. It is probably 
inipossible to fulfil this Condition properly: the following was the mode 
actually adopted to endeavour to secure it. 

Along with the ‘(Twin Ball” a “ Surface-float” was always dropped 
into the water from the upper boat at such an interval (either before or 
after) that they passed under the upper rope nearly together, and were 
therefore running across the standard “ Run” at the same time, although 
not quite together, and indeed very seldom exactly along the same line 
of motion. 

In this way, it is believed that the nearest approximation possible to 
the desired simultaneity of observation was obtained. 

51. As the Result of many experiments with the “‘ Twin Balls”, it may 
be said that it fulfils all the general conditions of Art. 12—II. of a “ Free — 
Instrument”, but that it is doubtful whether it is possible to carry out pro- 
perly the requirements of the theory on which its use depends, thus— 

(a), the practical impossibility of completely submerging the upper Ball unduly 

exaggerates the effect of the Subsurface current on the lower Ball. 

(8), the impossibility of making the observations of the “ Twin-Balls” and their 


accompanying surface-float truly simultaneous, or even quite in the same 
vertical plane, makes the Results yielded somewhat irregular, 


_ And, after all, its utility depends on the correctness of that Theory. 

62. Depth of submerged Mass.-—One of the most important condi-* 
tions necessary to the successful use of all these Instruments (“ Single 
Ball”, “ Tin”, “ Twin Balls”) is No. 75 of Art. 38. 


“The submerged mass should be of sufficient mean specific gravity to retain * 
| | itself at the intended depth, srecvsees saveguceusnseses puxwetiwidasvasioes 
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as unless it do so, the depth of the velocity-measurement effected by its 
means would be quite uncertain. : 

It is necessary, therefore, to establish confidence on this point. 

On first immersion (at the Boat) the connecting wires or threads are of 
course unstretched, and the surface-float moves uncontrolled by the sub- 
surface-mass: but after a time, as the latter sinks, it stretches the connect- 
ing wire; the moment of its doing so is easily recognised from the bank 
by the jerk it.gives the surface-float; after which the jerking of the sur- 
face-float is continued fof some time, gradually diminishing however 
until the state of relative equilibrium is obtained. The Boat was placed 
at a distance from the Upper Rope (usually 100’ (see Art.17,) which 
was believed to be sufficient to admit of this state of relative equilibrium 
being established. 

The real depth of the subsurface-mass would not however be thus cer- 
tainly known. To test this point, the Instruments were (before use for 
actual velocity-measurement) usually tested from the Pier of the Soldnf 
Aqueduct by being run along close to the vertical sides of the Pier. 

The water was frequently clear enough to admit of the subsurface-mases 
being watched whilst sinking to a depth of over 6' (judged by the 
fact of a 7’-wire being stretched), Within and up to this depth of 
immersion, the visible “lead” or “drag” of the subsurface-mass before 
or behind its attached surface-float never exceeded a few (about 4) inches 
even at the greatest depths, and was less at lesser depths, 

This small displacement of the connecting wire from the vertical is a 
quantity really negligible, in its effect on the depth of immersion, which 
may therefore generally be considered as sensibly the same as the length 
of wire from top of surface-float to centre of submerged-mass. 


{This preliminary Test was unfortunately not rigidly carried out in every case, 
its importance not having been from the first foreseen : notably it was not applied to 
the Subsurface “ Tins”; these were, however, rejected after a few trials, detailed 
in Art. 55. 

This particular difficulty—that of ascertaining definitely the depth of immersion of 
the submerged mass—is the most important of the objections pointed ont by Mr. Révy 
(pages 5—7 of Révy Report) to the use of Subsurface-floats : it is, however—in the 
’ Author's opinion, after this season’s experience—certainly not a sufficient objection in 
the case of Canals and small Rivers, though in the case of Great Rivers, the difficulty 
would be much aggravated }. 


53. Comparative Experiments on Subsurface-Instruments, 
~The whole of the early measurements of Subsurface-velocity in these 
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Experiments were made with the subsurface ‘‘ Single Ball”; the “ velo- 
city-curves ” resulting from its use were however so flat, (see Plate VIIL,) 
that it seemed doubtful whether the most essential condition 9° (of Art. 
38), for an Instrument of direct: observation was sufficiently complied 
with :—thus it will be evident that the action of the surface-current on 
the surface-float will partially mask the action of the subsurface-current 
on the sunken Ball, thus causing 

(a), subsurface-velocities which are really quicker an the surface-velocity to be 

under-estimuted. 


(5), subsurface-velocities which are really slower than the surface-velocity to be 
over-estimated, 


and thereby, of course, flattening the whole of the “‘ velocity-curve”. It 
was therefore deemed advisable to compare the Results given by it with 
those given by other Instruments. 

The Instruments selected for comparison with it were— 

(a). The Subsurface “ Tin”’, as fulfilling in the highest degree possible the parti- 

cular condition (9°) in which this Instrument was supposed to be deficient. 

(2). The “Twin Ball”, as purporting to afford data from which the effect of 

action of surface-current could be eliminated. 

54. Tediousness of comparative experiments —It has been explained 
(Arts. 25, 26) that in consequence of the unsteadiness of fluid motion non- 
simultaneous experiments are not fairly comparable, and also that really 
simultaneous Experiments are generally impracticable. It follows, there- 
fore, that in comparing the indications of different Instruments, the only 
Results that are fairly comparable are the averages of a very large num- 
ber of velocity-measurements under external conditions as nearly as possi- 
ble similar. This of course makes such comparisons very tedious. 

65. Comparisonof Subsurface“ Balls”, “Tins”, and“ Twin-Balls”.— 
The difficulties in designing a good Subsurface-float have been explained 
Art. 38, et seq. 

The main difficulty is, of course, the elimination of the effect of the 
surface-current on the surface-float. 

The above Instrnments, in which an attempt to meet these difficulties 
was made in different ways, were compared as follows :— | 

The instruments were all made so as to expose the same area, 3” x 8", 
to the Stream—(vide Description, Arts. 40, 44, 48 of each)—both directly 
and laterally, so as to present them all to as nearly as possible the same 
subsurface action. 3 
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To render this Test as crucial as possible, the three Instruments were 
first applied to measuring velocity only near the bottom where the actual 
velocity is least, so that the difference of action of the surface-current 
and subsurface-current might be as marked as possible. | 

Ceteris paribus, that Instrument which gave the lowest measurement of 
subsurface-velocity (near the bottom) would be considered the one by 
use of which the effect of surface-action was best eliminated. 

Of the two Instruments the ‘ Balls” and “ Tins ”"—(see Description, 
Arts. 40, 44) the latter—having much the smaller surface-float—might he 
expected to give Results most free from surface-action, i. ¢., lower values 
of the subsurface velocity. 

With the Current running about 7’ deep, the three Instruments were 
all adjusted to a depth of 6’ in still water. 

156 of each kind were then passed down the 50’ “Run” in mid- 
channel of the Right Chamber, Soldni Aqueduct, as rapidly as possible, 
always in the following order— 

‘ Qne ‘ Ball’, one ‘ Tin’, one ‘ Twin Ball’ ”"— 
to secure as nearly as possible the same external conditions drring obser- 
vation of the three Instruments. 

The ‘“* Run” was chosen in mid-channel, because the inevitable ‘ devia- 
tions” of the Instrument to right or left of this line would on this line 
least affect their velocities. 

Table IV. exhibits the Results—viz., the means of 13 different “Sets ” 
of 12 observations with each instrument: the observations were made, 6 
by each observer (R., W.), so that in the printed means, the personal equa- 
tion is eliminated. 

As might be expected, the “ Twin- Balls” moved in every case with the 
highest velocity (see Table) and—after elimination of surface action— 
gave in each case the lowest measure (see Table) of the Subsurface velocity 
(at 6’ deep). And—contrary to expectation—the “ Tins” moved gen- 
erally quicker (see Col. 7 of Table) than the single “ Balls”, notwith- 
standing the minuteness of their surface-float, and the consequent minute 
effect of surface-current on their motion. This unexpected effect can only 
be due to one or other of the two following causes, or to both combined. 


(a). This Instrument (the Subsurface Tin) does not satisfy Condition 8, (of Art. 
12—II.): thus even if the common diameter of the two tin dises continue: 
in its proper vertical position, the Instrument will expose an area varying 
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TABLE IV. 


COMPARISON OF SUBSURFACE FLOATS. 
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Bach BET of 13 observations consists of 6 by each Observer combined so as to eliminate '' personal equation ”, 
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from a 8” circle to an ellipse with axes 3" x 5 t.¢, 8” x¢ 2”, nearly ; 
but if the common diameter of the tin discs should not preserve its proper 
vertical position, the effective exposed area will become still more reduced 
and possibly enormously reduced (according to the tilt of the common dia- 
meter of the tiu discs), 

(5). The mean specific heaviness of the Suabsurface-mass (the tin discs with the 
masses of cork, &c.) is not sufficient to retain it at full depth—in which 
case it would rise into a higher (and therefore a quicker) stream-line, 

It will be remarked, that the differences between the Results of the 
single “ Balls” and “ Tins” are not very large (see Col. 7) in no case ex- 
ceeding °15 out of 3:50: but this must not be regarded as an unimportant: 
difference; the fact is, that the Total variation of the Velocity from 
surface to the selected depth (6’) is so small (not exceeding 1:26 out 
of 3:91, even by the Instrument which most magnifies it), that this dis- 


crepancy of :15 becomes very important. The conclusion is clear that— 


“ The Subsurface Single “ Ball”’ is a better Instrument than the Subsurface t 
OT got hteea ane rita eases) Pate adaca ratte ae 

The values of the Subsurface-Velocity as given by the ‘“‘ Twin Balls '’ 
are (with one exception) all markedly less than those given by the “ Single 
Balls”. It should be particularly observed that the greatest differences 
(46, °56, -50, -42, -40,) all occur with a wind more or less down-stream, 
and the least difference (‘02) with a wind somewhat up-stream, and that 
this is the very effect that might be expected, if it be admitted that all 
effect of surface-current is eliminated from the reduced value of subsurface- 
velocity given by the “ Twin-Balls ”. 

[Thus a down-stream wind woald quicken the surface-current, and thereby increase 
the yelocity of the Single “ Ball’’, and an up-stream wind would have the opposite 
effect ; and these are the very effects exhibited by the Experiments]. — 

It does not, however, therefore necessarily follow that the ‘‘ Twin Balls” 
is a more trustworthy Instrument than the single “ Ball”, because (see 
Art, 50) the value of the subsurface-velocity given by the ‘“‘ Twin- Balls” 
is dependent on the admissibility of the manner of reduction of that 
velocity, and moreover no single value of subsurface-velocity deduced 
from it would be really reliable on account of the impossibility of making the 
observations with the “ Twin-Balls”, and its accompanying surface-float, 
really simultaneous as required by the Theory. 

Further comparative Experiments therefore seemed desirable. - 
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56. Further Trial of Subsurface Instruments.—Most of the Experi- 


ments with Subsurface Instruments were carried out with at least two 


different sorts of Instruments, so as to continue the comparative Test. 
The Instruments compared were “ Single Balls”, “Twin Balls,” and 
“ Rods ”—(the description, theory, and use of the latter will be found in 
Art. 68, et seq.) 

The detailed Results of Experiments with the different Instruments are 
printed in separate Tables (Tables V.—XII.), but for facility of reference 
the same Serial Number is given to Series of Experiments with different 
Instruments conducted at same time, a distinguishing letter being added 
(B. for “Single Ball,” BB. for “Twin Balls”, R. for Rods) to indicate 
the Instrument employed. ) 

Four such comparative Series were conducted, viz. :— 














Number of “* Seta’ 
Table Serial Nos. of velocy-measure-} Gange-depth Instruments compared 
ments in a Series, 
V.,X. |} 10 B, 10 K. 4 | 5"90— 595 | Single Balls, Rods, 
V.,X. | 11 B, 11 BR, 12 | T'25 Single Balls, Rods. 
VIL. XY. | 12 B., 12 R. 20 7'55—7'65 | Single Balls, Rods, 
14 B.,14 BB. ’, ‘ Single Balls, Twin 
VIIL, TX. 4 RS my 9°25 — 9°50 Balls, and Rods, 
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The Instruments were prepared in sets of 1’, 2’, 3’, 4’, 5’, 6’, 7’, 8, 9’, 
depth of immersion, and were tried together at every successive foot of depth. 
The Mid-Channel Line was always chosen for such experiments, because 
the unavoidable deviations from the intended line are of least importance 


in mid-channel. 


The order of observation chosen was such that the Instruments to be 
compared (2. ¢., at same depth of immersion) rapidly succeeded each other, 
so that they might pass over the Standard Run under as nearly as possi- 
ble similar external conditions (of wind, gauge depth): the usual order 


Wasa 


In Series 10, 11, 12. 


Three Surface-floats :— 
One 1’ “ Ball’, one 1’ “ Rod’; three times in succession. 
One 2! Ball, one 2' Rod ; three times in succession, 

and so on down to the full depth, 
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In Series 14, 
One 1 “ Ball”, one 1’ “ Twin Ball” (with its float}; three times in succession. 
One 2’ Ball, one 2” “Twin Ball ” (with its Boat) ; three times in sucecssion, 
and so on down to the fal) depth : 
Lastly, 6 “ Rods” (of fall depth of Emmersion). 
The mean of three observations with one Instrwment at any one depth 


is considered to be a Ve.ocity-Meascreent freed from mere observa- 
tion-errors. 

The Result of three observations at every foot of depth in suceession 
down to the full depth, will be called a Sut of Subsurface Velocity-Mea- 
surements. 

At the end of each Sev, the Observers changed places, 90 as to execute 
pairs of “Sets” by combining which their “ personal equations” might 
be eliminated. 

The above arrangements were adopted for the reasons explained m Art. 
28a, b, c, and 55. 

The Sets are arranged into Szrizs for intercomparison and combination 
according to the variation of gauge-depth: those Experiments only being 
eonsidered comparable in which the Gange-depth is nearly the same. 

{The discussion of the comparative Experiments is deferred to Art. 65.) 

57. Mid-channel Subsurface-Velocity variation.—The Series 
of Subsurface-velocity measurements at every foot of depth—explained in 
Art. 56, afford the means of investigating this. Five Series, Nos. 10 B.— 
14 B. executed with the “ Single Ball” ; and one Series, No. 14 B B. with 
the “ Twin Ball”, are available for this purpose. 

Reduction of observations.—This was done in a manner quite similar to 
that described in Art, 29, (for Surface-velocities), Vertical Veloeity-curves 
(Art. 9), being drawn—on a Base line representing a vertica} ine in mid- 
ehannel—for every Sur of velocity-measurements, and each day's work 
on a common base line. 

The irregularity of the individual Curves was found to be quite as 
great as that of the Horizontal Velocity Curves described in Art. 29, 
and it seemed at first hopeless to disentangle any i law from such 
variable data. 

(This great variability will be recognized as the necessary consequence of the 
finid Motion being Unsteady, as explained in Art. 25}. 

A few only of the Curves are herewith published (at top of Plate 
VII.) to exhibit this, 
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MID-CHANNEL VERTIGAL VELOCITY GURYES. 
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58. Central vertical plane Discharge—After some time it 
seemed probable that the curves—though disagreeing greatly in detail— 
interlaced (see Fig. at top of Plate VII.), in such a manner as to be of 
tolerably constant area. To test this point the area of each separate - 
curve from the surface down to the lowest depth of velocity-measure- 
ment—was caloulated as accurately as possible. 

{It is clear that in this way the Area of the segment of the Velocity-curve be- 
tween the deepest line of measurement and the bottom is omitted, so that the areas 
(and therefore also the Discharges which they represent) are not complete. 

To hawe included this omitted segment, it would have been necessary to make 
some Aypothesis as to the magnitude of the bottom velocity, The Experiments as 
far as they have gone—hardly give sufficient data for this, so that it has been thought 
advisable to omit this segment, rathor than include a doubtful value of it. This 
will be discussed in Art. 63}. 

The Results are exhibited in Tables V.—IX., of which the following 


is an Abstract of Contents :— 
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Col. 8 of the Tables exhibits the Details of Velocity-measurements at 
the surface, and at every feot ef depth. 

Each horizontal line exhibits a complete Ser of ordinates of one Ver- 
tical Velocity-Curve. 

Col. 4 exhibits the Areas of the individual Velocity-curves, which of 
course represent the (superficial) Discharge past a mid-channel vertical 
line (in square feet per second). . 

It will be seen that much as the Details of each Curve—compare the 
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TABLE V. 
SUBSURFACE-VELOCITIES AND DISCHARGES. 


Soran: Aquepvct, Lerr Caampen—CantraL Virtical Puan. 


[Instrument.—Subsurface Single, 3” Ball]. 
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| TABLE VI. 
SUBSURFACE-VELOCITIES AND DISCHARGES. , 
Sovanr Aquepvet, Ricgut Cuamper—CentaaL VerticaL Puays. 
[Instrument.— Subsurface Single, 3" Ball]. 
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TABLE VII. 
,SUBSURFACE-VELOCITIES AND DISCHARGES. 
Sorant Aquepvuot, Lerr Cuamprr—Centrrat Vertioan Pang. 


[Jnstrument.— Subsurface Single, 8" Ball).. 
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TABLE VIII. 
SUBSURFACE-VELOCITIES AND DISCHARGES. 
Soramt Aquepuct, Lert Cuampen—CENTRAL VeRTIOAL Puang. 


[Instrument.—Subeurface Single 8" Ball}. 
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TABLE IX. 
SUBSURFACE-VELOCITIES AND DISCHARGES. 


Sorant Aquepuct, Lert Cuampen—CantraL Vertical Puane, 
[Instrument.—Subsurface “ Twin 8” Balls.’’} 
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figures in any one vertical column under Col. 8)—differ, the Areas (Col. 4) 
are tolerably constant, and that the discrepancies are mostly due to the 
Observers’ ‘ personal’ equation ’. 

Col. 7 shows the Results (Areas) of Col. 4 combined by pairs so as to 
eliminate the ‘ personal equation’ of the Observers—(the Time-keeper’s 
initial is shown in Col. 6). These Results are much more approximately 
constant: the discrepancies from the mean value—shown in Col. 8 are all 
very small quantities, considering the variable state of external conditions 
(principally wind)—the largest being only 

*85 out of 22°54, or gzth part of whole in Experiments with “ Single Balls”, 


1:22 ont of 33°78, or yth part of whole in Experiments with “ Twin Balls”. 
This can only be due to one or other of two causes— 


1°. The Total (superficial) Discharge through the mid-channel vertical 
plane is approximately constant under similar external conditions, oe (21). 
though its distribution varies greatly from instant to instant, ......, 

2°, Or else—the velocity-measurements in each stream line being effected 
(not simultaneously but) in succession, it is probable that each is 
done at a different phase of its variation; in which case it is 
possible that the Total Discharge as calculated from velocity-mea- > -2(22). 
surements at each foot of depth in different phases of their varia- 
tion may be nearly the same (on the whole) as if each velocity- 
measurement had been a measurement at its own mean phase, 


It is interesting to compare these Results with the similar conclusions 
(Results 4, 9, Art. 80) as to Constancy of Surface-Discharge. 

These Results as to probability of Constancy of Discharge (across 
Sarface and in a mid-channel vertical plane) would be of very great im- 
portance in Theory of fluid motion if they could be certainly established : 
but it is at present unfortunately impossible to detect which explanation 
1° or 2° is the true one without the means of making all the observations 
really simultaneous, an apparent impossibility. 

(It would be equally important to extend these Experiments to other vertical planes 
besides the mid-channel one: but this could not be done in one season]. 

59. Geometrical Illuetration.—A good idea of the variation of velo- 
city at @ point from instant to instant in such a manner as to preserve— . 

(a). Constant (cubic) Discharge through the whole cross-section, 

(2). Constant (superficial) Discharge in horizontal planes, 

(c). Constant (superficial) Discharge in vertical planes, 
is to imagine the curved surface of the “ Velocity-surface ” (Art. 9) to con- 
sist of some thin flexible membrane filled with incompressible fluid cies 


as water), whilst the plane Base is rigid. 
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The form of the Surface might then be altered freely, so that the ordi- 
nates (which represent velocities) would vary, but the Volume (repre- 
senting the cubic Discharge) would remain constant: such # condition 
would represent Case (a). ; 

Next, imagine the curved contour of each Horizontal and Vertical 
Velocity-curve to consist of a thin flexible cord, and the area filled with 
incompressible fluid, the Base line being a rigid line. 

The form of each such Carve might then be altered freely, so that the 
ordinates (which represent velocity) would vary, but the Area (represent- 
ing the Superficial Discharge) would remain constant: such a condition 
would represent Cases (5) and (c) 

60. Mid-channel Vertical Velocity Mean Curve.—The indivi- 
dual Velocity-curves have been explained to be of very irregular shape, 
and disagreeing in detail; the Mgan Curve resulting from combining 
& great many Velocity-curves (under similar external conditions) will be 
found however strikingly regular—see Plate VIII. 

This points to the conclusion (Result 5 of Art. 26), that 


‘“‘ The ‘ mean-velocity ’ at a point—taken through a considerable interval of time 
—is constant in magnitude under the same external conditions,..............4 

This granted, it follows that the Mzan Curve is of invariable form under 
the same external conditions at the same cross-section, and that therefore 
the Mean Velocity at any depth is a function solely of the depth, so that 

If u = “mean velocity” at a depth z, 

az f (z),- POSS PF oH>D FELT OCH CEO HHHEHHO OPTED OHSS POSH SPOOR HOH sRSHORES SPH HHHEBHS (28). 

nen question is experimentally investigated in the Mississippi Report, in the 
Darcy-Bazin Report, and in the Révy Report. In the two forruer, the conclusion was, 
that the curve is approximately a common parabola : in the Révy Report it is said 
to be a straight line. 

In the Mississippi Report the position of the axis of the parabola is shown to 
depend on the direction and force of the wind, it being at about ‘8 of the depth in calm 
weather. } 


Of the 6 Mean Curves figured i in Plate VIII., as being the Curves 
representing the Means of the 6 Series, Nos. 10 B. to 14 B., and 14 BB., 
the second (that of Series 11 B.) is too irregular from some cause un- 
known to be of any use in this question. 

The remaining 5 figures will be found to be all more or less approxi- 
mately common parabole, the depth of immersion of axis and parameter 
being however different in each, thus— 
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t 


If V == maximum velocity, 
Z = depth below surface of line of maximum velocity, 
v = velocity at any depth 2 below surface, 
p == parameter of parabola, 


then the general equation of the parabola is, 
(2 — ZL)? — P (V — v), Ko cidesurbecksedacus (24). 


A probable value of Z can generally be found by inspection; the value 
of V must be chosen such as is likely to suit the observed velocities in the 
neighbourhood of the depth Z, after which several values of p can be 
calculated from the other data—the most favorable for this purpose being 
the known velocities (v) near the full depth (H). 

The values of V, Z, » which nearly suit the 5 Mean Curves—are 
shown in following Table :— 
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The three lines, marked (a), (&), (c), under each of the “Series ” in 
Tables V. to, IX. exhibit 


(a), the Mean “ velocity ” at each foot of depth by observation, 
(b), the calculated values of the same by formula (24). 
(c), the discrepancies between (a), (8). 
All these Results (ce, 3, c,) are also well exhibited by the figures in 
Plate VIIL, in which 
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(a), the Mean Curve of observation is shown by a clear line, 
(6), the Parabola (24) is shown by a dotted line. 
It will be at once seen that the discrepancies are mostly very small 


quantities, and that therefore it may be concluded with tolerable certainty, 
especially as this Result agrees with both the Mississippi and French 
Results, 
In a symmetric section the central Vertical Velocity-Curve is aida 
mately a parabola to within a short distance of the bottom, ...........+00 (25). 

[This Result disegrees with that of the Révy Report, which is, that sha Vertical 
Velocity-Curve is a straight line, but the fact is that this Resnlt is really dependent 
on only one or two Series of experiments (page 41 of Révy Report) on the La Plata, 
a tidal estuary of the sea, and can therefore only be looked on as a particular result, 
not as a general law of fluid motion. 

The mass of experimental evidence that this curve is approximately a parabola is 
really now very great, and it may be looked on as one of the best established facts of 
modern Hydraulic Science]. 

The Area of the Curve down to any desired depth (H)—which of 
course represents the (superficial) Discharge down to that depth—is easily 
found by the well known property of the parabola, (Area = two-thirds 
of circumscribing rectangle). 

Thus if, in addition to previous notation, 

v == surface-velocity, 
V_z = velocity at the desired depth (H), 


Then Dischete —VH — -3{ (V —v,). Z + (V—v,)(H — 2) I (26). 


If the velocity at the depth H have not been measured, it can of course 
is be calculated from the equation (24) of the Curve. 


If the surface velocity (v,), mid-depth velocity (” ya)? and full-depth ve- 


locity (vg) have been all measured, the Area, or (superficial) Discharge 
still more easily found by Simson’s well known Rule, thus— 
i H 
| oe, Fo (0y +t A Dy cb Op) coecernee cress (26K) 
61. Axis and parameter.—The number of comparable Curves in the 
above Table is too few—being only four, viz., those of Series 10 B., 12 B., 
18 B., 14 B.—for any proper investigation of the law of variation of 
the position of the axie and of magnitude of parameter (p/). 
[Series 14 BB., with a different Instrument is of course incomparable]. 


Ordenates (clear lines) indicafe Velocities ai erery foot af depth. 


PLATE Viil, 


HYDRAULIC EXPERIMENTS AT ROORKEE. 


MID-CHANNEL VERTICAL VELOCITY MEAN CURVES 
at Centre-section of Suldni Aqueduct. 
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Such partial deductions as can fairly be drawn, bear out to a certain » 
extent the conclusions on the same points in the Mississippi and Darcy- 
Bazin Reports. 

Thus it will be seen from the above Table, that the depth of axis (Z) 
seems to depend on the direction of the wind, being increased by an up- 
stream wind, (so far confirming the conclusion of the Mississippi Report) 
—-but being tn no one case nearly so deep-seated as stated in the Missis- 
sippi Report. 

There are not enough data however to determine the law of variation 
of position of the axis. 

The magnitude of the parameter (p } will be found to be nearly given 
by following formula,— where H = full depth, 


P = 13°5 H¢, COC Ce menenecee oerece oeseeeses (27). 


[Much confidence cannot of course be placed in this Resultt depending on only four 
curves: the Results of the American and French Experiments are— 





; H? 
Mississippi Report, see Eq. (2) at top of page 252, p = ~ 1866 U »» (27a). 
where U = mean velocity of cross-section. 


nt 
Darcy-Bazin Report, (see page 228), p = Daal greener (275). 


where 4 = slope of water-surface. 
Not one of the three formule (27, 27a, 27),) agree apparently even in form with 
' one another, beyond a general sort of agreement that » increases very rapidly with 


H, (as HE, HY or HY). 

The fact is, not one of the three really rests on a sufficient number of experiments 
to be considered well established. 

On page 2438 of the Mississippi Report, it is stated, that the “curves of observa- 
tion are not sufficient for the deduction of a law”; and from page 247, it appears 
that, after all, this Result (272) depends principally upon the comparison of only 
4 ‘mean curves’, 

The French Experiments, on which Result (276) is based, comprise only 8 Series in 
channels not exceeding 128 deep. The Report of the Commission of the French 
Academy of Sciences, (page xxvii), is unfavorable to the acceptance of this Result, 

However, all three (the Mississippi, the French, and the present Experimente) 
agree in the fact that the parameter (‘y) increases very rapidly with the depth (H). 

M. Dupuit shows* that on a certain hypothesis as to law of fluid friction, vis., that 


it = or = » the parameter would be constant with same slope (i). 


°  Btades Tahorique et Pratiqes sur le mouvement ds ean, 2nd Bd. Art. 16, 
! t expecially as the effect of Wind is not eliminated, | 
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The Experimental Results appear to contradict this: it appears to the Author, 
however, that this Kesult of M. Dupuit’s is perhaps reconcilable with the Experi- 
mental Results : the fact is, that in theoretical investigations, the term “ the slope” 
(7) usually means the “longitadinal slope of the water-surface ’’, a quantity exceed- 
ingly difficult to measure on any but very small channels, and moreover so small in 
natural channels that a small error in ita estimation becomes of great importance. 

Thus—in the present Experiments—although the observations yielding the Vertical 
Velocity Mean Curves of Plate VIII. were all executed at the same place on the centre 
cross-section of the Solani Aqueduct, so that the slope of the Bed is presumably the 
same throughout the observations, still it does not therefore follow that the quantity 
denoted by iin M. Dupuit’s formule—4d, ¢., the slope of the stream-lines was therefore 
also constant thoughout the Experiments, especially if the Canal be rising or falling 
at the time. 

No attempt was made to estimate this slope ; indeed there is probably no way yet 
known of measuring it with sufficient accuracy, The difficulty—nay almost im- 
possibility—of doing this is well explained in the Révy Report ; in fact, the sur- 
Sace-velocity itself is there proposed as the most delicate measure of the inclination 
of water sureface. 


62. Mid-channel Mid-depth and Mean Velocities.—It has 
been shown that on the parabolic theory, 


Discharge through central ) _. H 4 98 
vertical plane, 6 (¥, + 4% t Yn ) server (28), 


Now, if U = Mean vevocirty through central vertical plane, 
then, by the definition of “mean velocity ”, it is clear that 


. H 
UH = Discharge = 7 (v, + 4 Yat Va ) 


» U=3(v, + fut Wis) sdeccavebeasdeatisas(20)s 


paw Tot on ) 
=v,t 3 ( 5 Aaa 


Now, v,,, lies between v,, v and cannot differ greatly from their arithme- 
tic mean, hence it follows that 

U poorene Un approximately @eners COC H EC ROS fC eEROE (30). 

or the “ Mid-depth ” and “ Mean velocities” are approximately the same ° (30) 

in the central vertical plane, ........csccccccoscsesseccgoesssseavscesensceees: : 

The following Table shows the values of U, and v4 by experiment 


taken from line (a) of each of the Tables V., VI., VII., VIII, IX., the 
Means only of cach Szrizs being here shown. : 
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Mip-pepra! MEAN 
veLociry | vELoorry| Disetepancy 













Gauge-depth Remarks 





"an U M%_- 8 | 

v.|10B. | 4| 56 |6-90—s'95| 3-46 8:89 + 07 
yy [WB] 12] 6] 7°26 3-75 3-70 + -05 
Vi. |12B. | 20] 7 |7"55—7"65) 3-74 3°68 + 06 
VII. }138B. | 22] 8 |8'95—9'0 | 4-26 417 + -09 
VIL |14B. | 20] 9 j9"25—9'5 | 4-07 4:02 + +05 
IX. |14BB.| 20] 9 |9'25—9'5 | 4:07 8-99 + ‘08 


a meat rattan nema aememee ere a aaa em etm i etree meneame nani nnn mnnemeel 
[The value of v 8 here entered is the velocity at the middle of the depth of the deepest observations—(not that 


at the true mid-depth ($n ) r~similarly U is—as previously~the mean velocity through tho depth of despest 
observation, —(not that through tho real depth (H)]. 





It will be seen that the Difference between the Mid-depth Velocity and 
Mean Velocity in the central vertical plane is always a very small quantity 
on the average of a large number of observations, as expected from Result 
(830A), and always positive, (¢.¢., %” > U). 

The above Theory, depending on the parabolic form of the Curve does 
not lead to any expectation that this Result (30) would be true of tndi- 
vidual Sete. To test this question, (raised in the Mississippi Report,) the 
‘““ Mid-depth velocity,” (v,,) derived from each pair of Sets of Series 
10B., 11B., 12B., 18B., 14B. is shown in Col. 10 of Tables V. to IX.; 
the Szts being combined by pairs to eliminate ‘ personal equation.’ 

By running the eye down this Col. (10) in these Tables it will be 
seen that this Mid-depth velocity is subject to variation from instant to 
instant quite similarly to the velocity at any other point: also by Col. 11 
of these Tables it will be seen that the Difference between the Mid-depth 
and Mean Velocities (v,;—U) is very far from being almost insensible 
or even constant from instant to instant. 

(‘The Mississippi Experimenters seem to have been of opinion (sce pages 204, 298, of 
Report) that the “ Mid-depth Velocity ’, was sensibly constant from instant to instant, 
even under varying external conditions, (e. g., af Wind), and nearly equal to (slightly 
greater than) the Mean velocity of the same vertical plane. The present Experi- 


ments, it will be seen, bear out only part of this conclusion, viz., as being true only 
on the average, and not from instant to instant]. 
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This close approximation of the Mid-depth and Mean Velocities in the 
central vertical plane on the average of a large number of observations 
points to the measurement of “ Mid-depth Velocity” ‘as by far the 
quickest and most convenient way of measuring the Mean we of 
this Vertical plane. | 

(This mode of measurement is proposed in the Mississippi Report, pege 292, et 809.5 
the Authors appear to assume that this law is true of all vertical planes ; but their 
reported Experiments are confined to the Mid-channel plane: it would be desirable 
to try this point by experiment. Time did not admit of doing so this season.) | 

63. Bottom-velocity.—The magnitude of the velocity at the Bed is 
a point of considerable importance, in both the theoretical and practical 
point of view. Unfortunately it cannot be directly measured. Were it 
quite certain that the “ Vertical Velocity-curve” really is a parabola, the 
Bottom-velocity could of course be found from the equation (24) to the 


curve; thus there results, (if H = full depth), 

H — Z)’ 
Sy seessenessrees (81), 
in which the quantities Z, p are determined by velocity-observations as 
explained in Art. 60. 

_The Bottom-velocities have been caleulated by this formula (31), for 
each of the Mean Curves of the Series 10 B., 12 B., 13 B., 14 B., 14 BB, 
and also by the well known formula 


a (s/f 12 vy — 15° 
ieee ae 


Bottom-velocity, vg == V — 


CEOCHSSH BEOHCSEG OS SHH ERGErOOS (81a), 
and are exhibited together for comparison in following Table :— 


BoTTom VELY. 
Number | Namber| Mean | gurtane |Assumed Depth of Parame- Om. 


of of ts} Gange- Max, 
“4 Bete” in! of Linea Bagi velootsy: Veloaity, sae aes By For- By For- 
chal (ay . 





“6 Sarion"’.| vation. (H). 


J 
G 





1B} 4 s |s6'9 | s47 | sec | 195 | 16 | on | 248" 

12B. | 20 7/76 | 880 | se7 | 1B | 47 | 808 | 276. 

18B.| 22 s | sos | 434 | aes | 2! 7 858 °| 328 

4B] 20 | 9 | 945)| 425 | 425 | 2 us| gla. 
9 


14BB.| 20 945 | 425 | as | 178 | 46 | 808 | B14 
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Much confidence cannot however—in the present state of experimental knowledge 
~be placed in the Results of formula (31), based on the assumption that the Vertical 
Velocity-Curve really is a common parabola, because all that can be said to be fairly 
established as yet is the limited Result (25) that great part of the curve approwimates 
to such ; it is doubtfal whether this Result can be pushed beyond* the limit of actual 
experiment, to so critical a part of the Curve as that, close to the Bed. 

{In the parallel case of Surface Velocity-Curves, the peculiar form of the Curve 
would not have been established, had the Experiments not been continued right up 
to the very margin. In fact, were it not for the Experiments near the margin, the 
greater part of the Surface Velocity-Curve might have been supposed approximately 
& common parabola, as was actually supposed in the Mississippi Experiments (Report, 
page 287)]. 

Tt seems (to the Author) highly probable that the Curve may change very rapidly 
close to the Bed, so that the Bottom-velocity may be very small: up to the present 
time, Experiment has not been able to test this, as the practical difficulties are very 
considerable, There are, however, reasons for supposing that—in some natural channels 
the Bottom-velocity is extremely small: thus over any soft Bed, 6. g., sand, earth, 
clay, there is a limit to the velocity which the Bed will stand, which over a sandy 
Bed at any rate is very small. 

64. Other Vertical Velocity-Curves.—A few experiments were 
‘made in other vertical planes, besides the mid-channel plane already dis- 
cussed : they were however too few in number to be worth inserting here. 
It would of course be very important to ascertain whether Results (21) 
of approximate constancy of Discharge and (80a) of approximation ef 
Mid-depth and Mean Velocities were generally true of all vertical planes, 
and also to discover the form of the Vertical Velocity-curves. 

So far as conclusions can be drawn from a limited number of experiments, 


it appeared that the line of maximum velocity is deeper seated towards 
the margin. 

This Result is confirmed by experiments on Mean Vexoorry, see end 
of Art. 73. 

[This agrees with the Results of the Darcy-Bazin Report: the Mississippi Report 
does not discuss this]. 

65. Comparison of “Single Balls” and “Twin Balls ”.—Se- 
ries 14 B. (with “ Single Balls”) and 14 BB. (with ‘‘ Twin Balls ”) were 
executed together for this very purpose, the Instruments being used toge- 
ther at every foot of depth in the manner described in Art, 56, so that the 


Results might be comparable. | 
Tables Viti. and IX, show the detailed — for each Instrument 2 


* For similar reasons, very ttle confidence can be put in any now existing Formule or abies pur- 
porting to give valne of Bottom-relocity. 
x 
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those that seemed most worthy of comparison, viz., line (a) and Col, (9) 
have been brought forward from Table VIII. on to Table IX., as- ‘line ee 
and Col. 9a, respectively. 3 

Thus, Lines (a), (A), (d) of Table Ix. show as follows :—— 


(a). The Mean of velocities at each foot of depth deduced from the * Twin 
Balls ’’. 

(A). The same by the Single Balls (brought forward from Table VI). 

(4). The discrepancy between the above (A), (a). 


These same Results are well shown in* the lower Figure of Pilate VII, 
which exhibits the Vertical Velocity Mean Curves of Series 14 B., 14 BB. 
plotted on the same Base-line. 

It is at once seen—either from the figare,* or from line (d) of Table 
1X.—that the discrepancy is very marked, and is just of the kind that 
would be expected on the supposition that— 


(a). The Results by the “Twin Balls” are cleared of effect of Surface-action. 
(A). The Results by the “Single Balls” are sensibly modified by the Surface-ac- 
tion on the Surface-float. 


Thus, it will be seen that— 


(1). Throughout the first few feet below the surface, where the velocity is greater 
than at the surface, the velocity as deduced from the “ Twin Ball” is wni- 
Sormly greater than that fuynished by the Single Ball. 

{2). Throughont the lower part of the Current, where the velocity is less than at 
the surface, the contrary takes place wnifurmly. 


The discrepancies are so great, and on the whole so regular, that they 
cannot be overlooked. It may be, therefore, considered established that— 
‘* The effect of surface-action on the “ Single Ball” is not fairly negligible”, (82). 
On the other hand, it appears almost certain that the “ TwinBalls ”, 
(as constructed in the present Experiments,) rather exaggerates the effect 
of subsurface action (see Art. 51); and, therefore, errs in the opposite 
way to the ‘* Single Ball”. 
On comparing the two Curves yielded by the “ Twin Balls” and“ Single 
Balls”, (lower Fig. of Plate VII.), it will be at once remarked that the 
Curve yielded by the ‘‘ Single Balls” is much the more regular of the two. 
There is a strange irregularity at the 6’ depth in the Curve furnished 
by ‘Twin Balls”, as to the cause of which the Author can give no 
explanation Bayon the suggestion that possibly the Instruments were 
bady adjusted at this depth. | | 
{The same care was, however, taken in preparing these as in those of easel 
lengths}. 


* facing page 06, | 
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On comparing the figures of Col. 8 of the two Tables VIII, IX., it 
will be at once seen that the values of the (superficial) Discharge through 
the 9’ depth, are all much more nearly equal by the “ Single Ball” observa- 

tions, than by the “ Twin Balls” observations, that is to say, the Results 
of the latter are not nearly so regular as of the former. 

This may be (partly) due to the irregularity at the 6’ depth just no- 
ticed: or to the unavoidable defect of the “Twin Balls” observations, 
arising from the impossibility of making the observation of the “Twin 
Balls” and their accompanying surface-float truly simultaneous or traly 
in same vertical plane. 

{These fast difficulties would be mach enhanced in vertical planes distant from 
mid-channel}. 

{It is remarkable that the Mean Discharges of SrRiEs 14 B., 14 BB., as given by the 
“Single Balls” and “ Twin Balls” differ very slightly (only — *19 out of 86:14, see 
line (d), Col, 4, of Table IX.) It is, however, supposed that this can only be due to 
some accidental compensating inflence for the Discharges of corresponding pairs of 
Sxrs, (compare Col. 7 of both the Tables VIII, [X.) differ mere more—(in one 
case by — 1:57 out of 36:30)]. 

The irregularities noticed, and the difficulty of making the saseatisn 
with the “ Twin Balls” properly (as required by the Theory) are decided- 
ly unfavorable to the use of the “‘ Twin Balls”, 

Remembering that the utility of the “Twin Balls” entirely depends 
on the correctness of the Theory of its use (Art. 49), and on the possibi- 
lity of so observing as to nearly satisfy the requirements of that Theory, 
it seems (to the Author) that—notwithstanding the Conclusion (32) un- 
favorable to the ‘“ Single Balls”, it is extremely doubtful whether the 
“Twin Balls” are a better Instrament. 

66. Summary of comparisons of Instruments.—The discus- 
sion on the comparative merits of these Instruments has been detailed at 
considerable length, because it is little use making continued Experiments 
on a large scale, until confidence can be established in the Instruments 


with which the Experiments are done. 


(The Instruments used in the Mississippi Experiments were all of the Class here 
‘called “ Instruments of direct observation’, and were very like the two used in these 
experiments under the name of “Single Balls ” and “Tins”, The American Expe- 
rimenters give their opinion (Mississippi Report, pages 224, 244, 252), that the action, 
of the surface-current on the surface-floats employed by them ts fairly uegligible : but . 
no comparative Experiments are published in their Report justifying this statement. 
The Result of the present comparative Experiments with three Instrumenta (“ Single 
Balls”, “ Tins” and “Twin. Balls”) mast throw considerable doubt on it], 


84 HYDRAULIC EXPERIMENTS AT ROORKES. 


The general Conclusions are detailed in Arts. 48, 46, 51, and may be 


summed up thus :— 

(1). The “Single Ball” satisfies all requisite conditions, except that the 
surface-action on it is not fairly negligible, .......00sc.sssse0 

(2). The “Tin” satisfies condition of negligibility of surface-action i in. 
the highest degree possible, but fails both by not exposing a con-] 
stant area to current, and by not straining its string properly, (so } 
that its real depth is uncertain),..........cccccccocccccesee eovcacescscvsces 

(8). The “Twin Balls” exaggerate subsurface action, and sive irregular 
Results—their utility isentirely dependent on a hardly certain Theo- 
ry, with the requirements of which itis very difficult to comply....... J. 


G7. Improvement suggested.—There can be no doubt that some of the 
irregularities in the present Experiments with both the Sineis Bais and 
Twin Bauzs are due to the use of wood. 

From the experience gained in these Experiments, it would seem advi- 
sable to use metal instead. The chief objection to the use of metal is the 
expense, and the necessity of resort to a large workshop to have the 
Instruments made up and adjusted by skilled workmen. But the increas- 
ed expense would be well worth the outlay if a more mony Instru- 
ment were thereby provided. 

On the whole, the Smetz Baru (in metal) seems (to the Author) likely 
to be the best Instrument; as in consequence if its non-liability to absorb 
moisture if made in metal, the Surface-float could be so much reduced, 
that the principal defect of the Instrument would probably be removed. 

Further comparative Experiments however seem desirable, 
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‘CHAPTER IV. 


’ s MEAN VELOCITIES. 


68. Measurement of “Mean velocity” by Rods.—The use of 
a Froatine Srarr loaded so as to float nearly upright is recommended in 


several works—e. g., 
Weisbach’s Mechanics of Machinery and Engineering, Vol. I., Art. 876, 
Royal Academy (Woolwich) Notes on Military Bridges, page 2, 


for. determining approximately the “‘Mzan ve.ociry” throughout ita 
length. 

The utility of this Instroment desaias entirely on the question of 
whether the actual “velocity of the Rod” is, or is not, approximately 
the same asthe Mean Vexocrry throughout its length. The Instrament 
is so simple, so cheap, and so convenient in use (in currents not exceeding 
about 15‘ deep), that if it does really measure Mzan Vevocrty (even 
approximately), it should supersede all other Subsurface “ Free Instru-. 
ments” when a knowledge of “mean velocity” only is required—(which 
knowledge is ample for the practical object of Discharge-measurement). 

[No investigation of this question—nor even any reference to any investigation—is 
given in the works quoted, nor is the Author aware whether any investigation—either 
theoretical or practical—of this fundamental question has ever been published}. 

Many Experiments were, therefore, made to determine this point: the 
Theory of the motion will be first investigated. 

69. Theory of the motion of a “ Rod”.—The Instrument consists 
essentially of a uniform slender cylindric Ron, loaded so as to sink verti- 
cally (in still water), of uniform cross-section, and uniform physical state 
of surface throughout its length. 

When dropped into a uniform current, it penetrates into finid strata: 
moving with different velocities. After a time it will acquire a state of 
relative equilibrium with the fluid, after which it will move with a tolera- 
bly uniform velocity, and all parts of it will then have’ common velocity. . 
Some of thefinid strata into which the Ron penetrates will be moving 

faster than the Rod, and some slower: the former will tend to accelerate 
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the Rod both by direct pressure and by friction; the latter will similarly 
tend to retard the Rod. 

The Rod will, in consequence, move with a velocity which is some sort of 
mean of the velocities of those fluid strata; but the question is, will it 
move with what is technically understood as the Maan Vexocrry of the 
fluid throughout its length ? 

Tt may be well here to define the term Mean VELoorty— 

Der. The “mean velocity” (U) throughoat a depth (2) is equal to,the (superfi-) 
cial Discharge (D) through that depth divided by the depth : 


Or mathematically — 


Mean velocity through depth A is U = i = Das f,, vas OO ated (33). 
ae a 


When the motion has become uniform, the two Total Forces of Accele- 
ration and Retardation must of course be equal and opposite, so that they 
form a statical Couple, whose effect will be to rotate the Rod into an 
inclined position until the arm of the contrary Couple—consisting of the 
Weight of the Rod and the (equal opposite) Resultant upward Fiuid 
Pressure is sufficient to produce a contrary moment of Stability just equal 
to the moment of Instability. - 


{For the above reason, at small depths of immersion, the Rod will incline bacé- 
wards, at one particular depth only will float vertical, and at greater depths will 
incline forward, Also the lower the centre of gravity of the Rod is, the greater will 
be the Arm of the Couple of Stability for smal) inclinations, and the less therefore 
the Rod will incline : and if the centre of gravity be sufficiently low (as can always 
be secnred in practice by making the Rod of a light material), the inclination will 
always be very stight. These Results are borne out by Experiment]. 


In the Investigation following, it will be supposed that the Rod is so 
loaded as to float sensibly vertically, 50 that its depth of immersion is 


sensibly the same as its immersed length. Fig. 9. 
Let 3 = breadth of cross-section of Rod, A ~e 
g xa depth of any fluid filament, 
vy == “ velocity’ of same, | 
uw = “ velocity ? of Rod, 
s= depth of finid filament whose “ velo- 
city” is u. 
Wo => surface-velocity, 
Lizz length of Rod immersed = depth 
immersed (very nearly), 
x 6 velocity * at depth Z - 
v = maximum * velocity i 


ae = depth of stream line of maximum en | | 
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‘The figure represents the “ velocity-curve” throughout the depth /; 

the (horizontal) abscisse: measured from OL, represent velocities, and 

the (vertical) ordinates measured from the surface OA represent depths. 
Let it be supposed for the sake of distinctness that the Rod is so Jong, 


t. ¢., penetraées into such deep strata, that it moves slower than the surface 
current, so that u < v,. 

Then the fluid from ‘the surface to depth # (where the velocity of the 
rod-and fluid are the same) accelerates the Rod, and the fluid below the 
depth 4 retards the Rod. , 

And (v — u) = relative velocity of fluid filament, whose depth is not greater than 
h, past the Rod. 

And (w — v) = relative velocity of the Rod past any fluid filament whose depth 
is greater than A. 

Now, considering only a small segment of the Rod of depth dz, it is clear that ac- 
cording to the best experimental Results as to “ pressure ” and “ friction” of fluids 
in motion past solid bodies floating in them, (see Art. 49). 

Pressure on small segment = -+- k(v ~ 1) bdz, 


Friction on small segment = + { +rAwAwALY yt bdz, 
the -+ sign being used — awser>< ge ors <>h, 
* Total Acceleration hy 2 Bd A= uy bde ...... (B4A)s 


=m P, + F,, (suppose). 


vel atta) foie ener 


oe = P, + F,, (suppose). : 
Bape ei eee psbA! (u — v1)? t TE sevsesseessoneees (BAC) 
= F, (suppose). 
And when the Rod has attained its state of relative equilibriam, it is clear cnet 
the algebraic sum of these must be zero, 7. ¢., 
Ps of. F, fe P, + F, -+}- F, — Q scisicesnveden sadness aeseseveel Gs 
But. the last quantity (F,) is so small—in a slender Rod—compared with the 
others as to be fairly negligible : omitting this term, and substituting the values of 
P,, Fy, Py Fi, into (85) and re-arranging, and observing that &, 4, A are constant 
throughout the length of the Rod—becanse it is supposed to be of uniform section 
and of uniform (physical) state of surface. 


wf as — -f. ds) + (k42)8 { fo@-widef —* 
whence after dividing by 8, 
BQA~D+EEED 1S, - anf, im oy ae | = 0 ..(86), 


se this is the equation here the * velocity’ (w) of the Rod with the various 
velocities (v) of the stream-lines, . 
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This equation may be simplified by the following consideration. Poncelet’s ex- 
pression for the retardation due to friction of a fluid on a solid is (s 4 A V*), from 
which it would appear that, in case of ‘a solid at rest immersed in fluid at rest there 
is a constant frictional retardation == p, which is obviously absurd. It appears (to 
the Author) that this co-efficient » should be zero. Adopting this correction, eqastion 
(32) reduces to— ‘~ 


Be (o—u)? ae -f- (uv)? ade = Oech sic capa ESOS: 


The velocity v at a depth z is, of course, some function of the depth z. 
Expanding the above equation, and observing that w is constant and arranging— 


(fief as) anl foots ft ote) (Jods fasjan 


whence is obtained a quadratic equation— 


(hal) utm2 (foroas—f'vaz) a: (fo eac—fi wae) = 0....«.(87), 


by the solution of which the value for the velocity of the “Rod” might be obtained 
when the integrations had been performed. 
This could not, of course, be done unless v were a given function of ¢. But with- 
oat knowing the actual form of the function some useful Results may be found, thus— 
There is no doubt some particular length (1) of Rod, for which the value u = U, é.e., 


Velocity of Rod (u) = “ Mean Velocity” (U) = S. vd & el sosseseen(B8)y 


(on the truth of which the utility of the Rod depends)—satisfies equation (87), but, 
if Eq. 38 be true, this value (u <= U) ought to satiafy Eq. (37,) whatever Be the 


length (1) of the Rod, ‘ 
Now, it seems impossible that » should be such a function of s that Eq. (87) should 


be generally satisfied by the value u = U yor all values of 1. 
The only functional furm of v, for which this seems possible for all values of 1 is 
when v = u = U (a constant quantity). 
But all experiment shows that v is never constant throughout the depth, so that this 


case must be dismissed, 
The general Result of all experiments up to the present day i is that the “ Vertical 


Velocity-Curve” is approximately a common parabola, so that the functional form 


of v is given by 
(sz eo zy a (V — VD) s-cncrcccevoccecces sreseecceserncosoal OO) 


It will be found that adopting this form for u, the value uv =: U will certainly not 
satigfy the fundamental Equation (87), but the actual investigation is so tedious 
that it does not seem worth while publishing it, as the Result is simply negative. — 

The above reasoning points to the conclusion that— 

“If the (at present) received laws of pressure and friction of moving fluids 
on solid bodies floating in them be correct, the “velocity ® (w) of « flosting 
uniform “Rod ” is not in general the same as the mean velocity (0) oe (ay 
Gut Tee Gey. jadsscince-csvisidevonswiiecccoonsseesensedsinesseuadasswocevasvvesdsoieesegentneeh’. 

A farther conclusion of some importance is, that since no use can, be 


made ofthe fundamental equation, until the functional form of » is, 
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atid the integrations performed, experiments with “Rods” are: not: well 
| suited to the discovery of that functional form, or in other words— | 


“ Experimenta with Rods are not well suited to discovery of the law a (41). 
_ welocity-variation, Oteemeronatas POSSE SEH EEHESS EASE VHASSI SESS TSETHEO CH SAEHSS Pee neeease ote 


They may, of course, be useful in testing the law when red by 
other means, 
10. Approximate Mean Velocity Measurement.—Notwithstanding the | 

couclusion that the velocity of a vertical uniform Rod is not the same as the 
‘mean velocity’ throughout its depth, still the simplicity, cheapness, and 
convenience in use of a Rod is so great that for the practical purpose of- 
measuring Discharge, approximately, its use would be very great if it could 
be shown that its ‘‘ velocity ” was even approximately the same as the “ mean 
velocity” through its depth, ¢. ¢., within the error admissible in practice. 

It may be seen d priori that the discrepancy will probably not be very great. 

The whole variation ( V- v,) of the velocity from its maximum (V) to its value 


( "1) at the foot of the Rod—(always the least in question if the Rod is long enough) 
is known by experiment with other Instruments to be not very large. 

Also, the Rod’s velocity (7), and the “ mean velocity ” (U) through the length Z are 
known to be both < V and > "; and therefore caz not differ greatly from each other. 


To calculate a @ prior: the amount of discrepancy (u — U) that may be 
expocted would be almost impracticable on account of the great a 
ity of the equations to determine u. 7 

‘This seems practicable (at present) only by experiment. Many Ex- 
periments were accordingly made with a view to determine this. 

i Description of the “Rods”.—Two descriptions of these were. 
use | 
 Fiast Parrerny.—aA slender cylindric Rod of 1 ch Fig, 10. 
diameter of a moderately heavy wood (“Sal”, Shorea 
robusta) was loaded at one end (a) with small cylindric 
weights of the same diameter. The weights consisted 
of discs of sheet. tin, and of small cylindrical pieces of 
lead of I, 2, 4, 8 tolas weight, respectively ; all of the 
‘game diameter (ong inch). The weights (a) were 
secured. at one end of the Rod by a long acrew ea 
right throngh them all. a 
“Phe Rod was. loaded—by experiment i in etill water— — 
“patil: immersed-—including the’ length of the weighta—to 0B 
the desired depth, leaving about an inch projecting above the surface 

- oN 
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A small screw was slightly screwed on to the head of the Rod: to be re 
used for attaching a small pledget of white cotton wool to serve 98 a 

“ marker”, . . 

Rods of this pattern were prepared in sets of 1, 2’, 3’, &e. ... 8'; o depth 
of immersion. | 

The greater number of the Experiments with Rods were sxesated me | 
Rods of this pattern. 

They were found very convenient in handling: being sattailt: light, 


and occupying very little room. 

[In these respects they contrast very favorably with the subsurface “ Single Balle”, 
and “ Twin Balls” which —in conscquence of their requiring to be laid out on large 
frameworks (Art. 41)—occupy so much room as to be very inconvenient . Fiz. 11. 
in a small boat}. 

Improvement suggested.—The separation of the weights at the loaded 
end (a) is attended with the disadvantage of exposing an undue surface 
to friction against the current, a3 it is practically impossible to screw 
the separate pieces together so as to form one continuous piece of 
uniform section. Moreover, when once the weights are screwed on, 
the Rod cannot be readily adjusted toa different depth of immersion. 

These defects would be both met by enclosing the leaden weights .3 
in a emall tin or copper tube of same external diameter asthe Rod, and | 
about 8” long: the Rod would be pared down a little at the end 80 as 
to slide in to the tube about 2”. 

‘The tube would be secured to the Rod by a stont wire (W) running 
right throagh from side to side. Leadon weights, discs of tin, or small 
shot would be introduced as wanted by removing the tube, V 

Holes would be pierced in the tube as at & to admit the water 
freely. 

. Szconp partern.—A few “ Rods” formerly made up in the “ Roorkee 
Workshops ” for use of the Ganges Canal Officers, of a de- 
cidedly superior finish were Jent for these Experiments from 
the Northern Division, Ganges Canal Office. 

They were cylindrical wooden Rods, of 24” diameter, fitted 
with iron tubes at one end, into which bullets, shot, &c., could 
be introduced through a small hole closed by a small sliding 
iron shutter. | 

These Rods were neatly painted all over, and marked in feet 
and quarters of a foot. : 

_ They were made in. Sets of only 3 (one 6’, one 9’, one 12’, 

* long). . These Rods were certainly superior in finish to floes . 
; made np in the Bazar for the Author, but present little other | teed 
advantage. The dliding ae) is easily damaged « or lost, and the slong” 


<r ate ee sa af 
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(12’) Rods are inconveniently heavy —owin# to their large diameter. The 
main objeetion to them is their expense—about Rs. 10 each—in conse- 
quence of which they cannot be made up in sufficiently large numbers to 
be convenient. 

| To work with any rapidity a stock of at least 4 Rods of every length \', 2’, 3', &e., 
sup to 9 is required for the present Experiments]. 

72. Comparative Experiments with Rods.—These Experi- 
ments were made with the view of testing whether the “ velocity ” of the 
Rop is, or is not approximately the same as the Man Vu.ociry (see 
Definition 33) of the fluid through its depth. 

If this be true generally, it must obviously be true for all depths of im- 
mersion, It was decided, therefore, to test Rods alung with other Instru- 
ments at every foot of depth. 

The manner of performing the Experiments so as tu secure fairly com~ 
parable observations, has been fully detailed in Art. 56. As there stated, 
the comparable Experin#®nts (7. ¢., those conducted at same time) bear 
the same Serial Number. | 

The details of the Experiments with the Rods will be found for Szrtzs 
10 R., 11 R, 12 R. in Tables X., XT. 

The details of the experiments with ‘“‘ Single Balls”, which are com- 
parable with these, viz., Serres 10 B., 11 B., 12 B, are in Tables V., VI. 

Lines D, A of these Tables (V., VI.) show the following— | 
(D). The (superficial) Discharge through 1’, 2', 3', 4’, 5’, 6', 7’, 8' of depth below 
the surface calculated from the observations (detailed in those Tables) of | 
subsurface-velocity at every foot of depth with “ Single Balls’. . 

(A). “Mean velocity” through those depths calculated by dividing each Dis- 

charge (D) by the depth corresponding, 

“the Results in line (A) of Tables V., VI. are then transferred to 
Tables X., XI, for purposes of comparison. 

Lines (a), (A), (c) under each Series in Tables X., XI., show the fol- 
lowing— | 

(a). ‘Mean of velocities of Rods of each foot of immersion. ; 

(A). “Mean velocities" through those same depths as calenlated from the ob. . 

| servations with “ Single Balls”. | | 

 {e). Discrepancies between the two last (a), (A). 

On examining the figures in this last line (c) under each. of the. Sunrise 
(10 R11 R., 12 R.), it is seen that the . mera esa is between fom 
two Results are— | 
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Ch), ane insensible throngh tiv first few feet below the atta 

(2), at first +, then —, 

(83), and increasing (with the — sign’ with the depth of immersion. | 

(4), not exceeding (within the limits of these experiments) — ‘15 ont of 3°70, 

Or ggrd part of the whole. : 

It is important to observe that the Discrepancy, small as it is, tends to 
increase with the depth submerged : because in practical use of Engineers, 
the * Rod” would be used only to measure the ‘“‘ mean velocity” through 
the full depth of current, and would therefore be submerged:as much. ag 
possible, so that it would always be used—in practical usage—under cir- 
cumstances giving Results most discrepant from those of the ‘ Single 
Ball”. 

A more detailed comparison of the Result of the two Instruments af 
the full depth (the most important case) will therefore be useful. 

This is given in Cols. 6, 8, 9 of Table X., XL. 

Col. 6 shows the Velocity of longest Rod of every parr of “Sets” of observations 

combined so as to eliminate personal equation. 
Col. 8 shows the “ Mean Velocity ” (Art. 69) calculated from the comparative ex- 


periments with “ Single Balls ” similarly freed from personal equation. 
Col. 9 shows the discrepancy between the figures of Cols. 8, 6. 


Comparing the figures in this last Column, it will be seen that——_ 
“‘ The velocity of the Rods at full depth is constantly leas by a nell marked 


amount than the “mean velocity” of that depth as calculated from} ..(42). 
nearly simultaneous observations with “ Single Ball8”,.......c0ssscssee 


This point (viz., the comparison of the velocity of the Rods at full 
depth with the “Mean Velocity ” through that depth as found by other 
Instruments was yet further tested by the Serius 14 B., 14 BB., 14 KR. of 
experiments with “Single Balls”, “Twin Balls” and Rods conducted 
together, as described in Art. (56). The details of each Serizs are shown 
in Tables VIIL, IX., XII: the only Results of Series 14B., 14 BB. 
(viz., ‘‘ Mean Velocity ” through 9’ depth) suitable for comparison with 
Series 14 R. (observations with 9’ Rods) are brought forward from seat 
VIIL, 1X., (Col. 9) to Table XII. (see Col. 7). 

_ Thos Table XII., Cols. 6, 7, 8, show the following :— 


Col. 6. The velocity of 9’ Rods for every pair of Sets of PN a fe ceases 
ments” combined so as to eliminate “ personal equation ”. 


Col. 7. The “Mean Velocities” through 9' depth from the corresporiding 


, pairs of Sers of experiments yrith “Single Bulls” and with.“ Twin 
Balls”. 


Col. 8. The Discrepancies between the figures of Cols, G, 7. 
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“TABLE x. 
_ MEAN. VELOCITIES IN VERTICAL PLANE. 
Sonim ‘Aquzpvor, Levr Caampen—CeEntRaL Verticat Puane, 


* [Inetrument.—1" Rod].’ 
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TABLE XI. 
' MEAN VELOCITIES IN VERTICAL PLANE, 
Sorant Aquepuot, Rieat Caampen—Cenrrat Vertioat Puan. 


[ Instrument.—1" Rod. } 
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MEAN VELOCITIES, a eo 9S 
| TABLE XII. 
. MEAN VELOCITIES IN VERTICAL PLANE. 
Sonanr Aqugpucr, ‘Lerr Caampen—Cenrran Venrroan Paws. 


[Instrument.—1° Rod]. 
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‘The figures in this last Column bear-out the previous Conclusion (42). 
Thus from the regularity of the variation of the Discrepancy in Szniss 
10 R., 11 B., 12 R, and from its being—at full depth constantly negative by. 
a well marked amount, averaging | 
— ‘07 in 3°38, ~ -15 in 3:70, — 12 in 3:69, — °25 in 4-02, 
in the Means of the Series 10 R., 11 R12 R., 14 R (see line: (c) of 
Tables) it may be concluded that— 


a The velocity of a Rop is nut the same as the MEAN VELOCITY of its depth} 
of immersion, but differs by an amount increasing mith depths of > (42). 
immersion, and also with depth of channel”, ....cecorcccoccceerecssecccoerene { 


Hence it follows that— 


“A Rop is useless as an Instrument of precision for measurement of 


Meant Velocity’, .....scsesssessseesescenenssenceeces anenecseeseanaeseneversacgeens aK (48). 


The error varying on the averages in the present ccaunaeats from Jy 
to +}, of the whole is much larger than the Difference between the Mid- 


depth Velocity ( Ya) and Mean Velocity (U) established by experiment 


(Art. 62): it does not, however, seem so great as to interfere with its 
use in practice of Engineers for measurement of Mean Ve ocity when 
required solely for Discharge calculation, for it is quite doubtful whether 
any existing Discharge. formule will give values of Discharge, within the 
above limits of error. 

[N.B.—It must be remembered that in all the comparisons here cited, the Experi- 
ments were not quite crucial as to full depth of channel, for on account of the ver- 
tical oscillations of the Rods, it was necessary to leave them about 6" clear of the 
bottom (as shown by the Standing Gauge) to prevent their coming in coutact with 


the occasional inequalities of silt: on the other hand the Experiments show that the 
Discrepancy increases with the depth of immersion). 


73. Discharge-Measurement by Rods.—Two Szries of Experi- 
ments were made at the Centre Cross-Section of the Left Chamber of 
the Suldni Aqueduct on Measurement of Discharge by Rons. _- | 

The Rops used in these two Smurgs were of the “Second pattern”, 
described in Art. (71), admitting of adjustment with shot to any peeree 
depth. They were sunk to within about 6” of the bottom. 

_ The Mode and Order of observation was quite similar to that used j in 
investigating ‘the Surface-velocity Curves described in Art. 27, et seg. ; | 
thus the Rops were passed along vertical planes at ” places; whoo 
‘distances from the centre were as below : ~ | 
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‘Bovant Aquepvcr, Legt Cuamser, Centre Szorion, 
| Half breadth 425, 


Lett of Centre. Right of Centre. 











re) 
, a 
89's, 87'f, 85’, 32'4, 80’, 20,10, | © | 10,20, 30’, 32°, 35', 37°, 40’, 41's, 


[The corbelling out of the footway on the left bank prevented the Rods being run 
outside the 40’ of centre line, and when the Canal rose above 9’ depth, the only Rods 
longer than 9’ (at the time available for use) were so long (12’) as to come in contact 
with the projecting masonry, so that velocity-measurements could not be continued 
along this linc]. 

The Rops were placed in the water so as to assume their nearly erect 
final position as quietly as possible: there was, however, always a small 
vertical oscillation even whilst passing over the “ Standard Run ”—not 
exceeding about 2” whilst in the Run. To provide for this vertical 
oscillation without allowing the Rop to come in contact with the occa- 
sional silt on the Bed, it was found necessary to allow the foot of the Rod 
to be about 6” clear of the Bed (as shown by the Standing Gauge). 


{ Even with this “windage ” the Rops occasionally struck the silt just before 
reaching the upper Rope, or even within the “ Run”: the observation of a Rod so 
striking was not recorded. | 

The Rops were run by threes along each of the vertical planes above 
indicated: the mean of the velocities of three Rods in same vertical plane 
was considered one Mean velocity-measurement freed from observation- 
errors. Velocity-Measurements were extended across the channel so as 
to form a Szr, and the Sxrs were arranged into Szrrss precisely in the 
manner described in Arts, (29, 30) for Surface- Velocities. 

Two such Serius, Nos. 15 R., 16 R. were executed. The detailed Re- 
sults are exhibited in Table XIII. | 

The area of the Curve resulting from plotting the Velocity-Measure- 
ments of each Set was separately calculated by the usual approximate 
formule, and the (cubic) Discuarce was found by multiplying each of 
these areas by the corresponding gauge-depth, (and is printed in Col. 4). 
The Mean Veuocrry (of the Section) was found by dividing the 
Curve:Area by the breadth of the channel (85’),—which is of course 
equivalent to dividing the (cubic) Discuancnr by the Section-area. 

“ 
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Gauge-depth. 
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An examination of this Table will show Results quite similar to those 
enumerated in the discussion of the Surface-velocity Experiments, Art. 29, 
et seq., thus :— 


1°, The velocity of the Rod tn any one plane varies very much from Sur to Srv 
under the same external conditions (see any of the narrow columns under 
» Col. 3 of Table). 

2°, The Rod-velocity Curves are individually of irregular shape and disagree in 

detail—(see Col. 3 of Table). 

8°, The (cubic) Discharge through the transverse Section, and therefore also the 

Mean Velocity of the section (found by dividing the cubic Discharge by the 
Section-area) are tolerably constant, the chief discrepancies from their Mcan 
Values being apparently due to the observers’ ‘personal equation ’—see 
Col. 4,7 of Table—and disappearing to a great extent after elimination 
of ‘personal equations’, see Col. 8, so that these experiments accord with 
the otherwise known Result. 

“Cnbic Discharge ” and “Mean Velocity ” through the Cross-section = constant. 

4°, The MEAN CurvVE of a SEnixs of SETS is a pretty regular Curve, notwith- 

standing the irregularity of the individuals of the Series. 

[To calculate these Areas an assumption had of course to be made as to the mag- 
nitude of the mean-velocity in the vertical planes at the margins, (not obtainable by 
direct measurement). This mean-velocity was asswmed zero at both margins. As 
to the correctness of this assumption, nothing is known, but the error (if any) will 
not seriously affect the quantity required, (the whole Area of the Curve,) as the 
marginal spaces affected are both narrow]. 


The Mean Curves resulting from the Sznize 15 R., 16 R., are shown in 
Plate 1X. (the clear lines): their extreme flatness is very remarkable ; 
the Mean-velocity scarcely varies notably over 7 of the width of the 
channel, | 

In the Series 15 R. in which the depth is the greater (9°63) there is 
a curious very marked diminution of the velocities on the left, and increase 
of those on the right, of the channel as compared with the Series 15 R, 
with the lesser depth (9'-05) : the cause of this is not understood, but it 
is probably some local peculiarity due to the position of the Channels of 
supply into, and discharge from, the 932’ chamber, in which the Experi- 
mental Section lay~—(see Fig. 3, Plate I.) 

The Surface-velocity Mean Curve for a depth of 9’ at same section has 
been drawn (a dotted line) on same Base line to contrast with the pre- 
sent Curves. It will be observed that the Mean-Velocity Mean Curves 
lie within the Surface-Velocity Mean Curve through nearly { of the 
width of the Channel, and then pass outside it; and that, therefore, the 
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MEAN-VELOCITY MEAN-CURVE 
at Centre-section of Left Chamber of Solans Aqueduct. 
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indicate distances from the centre of the Cross-section. 
Ordinates indicate velocities, 
Surface-velocity Mean-curve, and Ordinates, in dotted lines, 


Scale for Cross-section and Abscisea, 25 seet to an tach. 
Scale for Ordinates (velocities), 3°6 feet to an inch, 


Mean-velocity Mean-curves and Ordinates, in clear limes. 
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Mean Velocity (of a vertical plane) is less than the Surface-velocity over 
about 7 of the width, and is greater outside this. 

This clearly shows that the line of maximum velocity (in a vertical 
plane) is highest in the mid-channel vertical plane, and is more and more 
deep seated in vertical planes further from mid-channel. 


{This bears ont what was stated Art. (64), as seeming probable from a limited 
number of experiments with “ Balls”, and agrees with the French Experiments. } 


74. Discharge by “Rods”, and by Bazin’s Formula.—Sznizs 
15 R., 16 R., of Experiments with Rods were undertaken for the express 
purpose of testing extant formule. As these formule all furnish a value 
of the Mzan Vuocirty (of the Section), it will be sufficient to compare 
these values. 

For this purpose the central surface-velocity was—(except in the first 
few Sers)—found by 6 observations at end of each Ser of observations 
with Rods. The means of these 6 is recorded in Col. 10 of Table XIIL., 
as the surface-velocity corresponding to each Ser of Rod-observations, 

Bazin’s Rule® for finding the Mgan-Vetocity (U)—/rom observations 
of central surface-velocity (v,) is 


where c is a co-efficient depending both on the ‘hydraulic mean-depth’ 
and on the nature of the sides and bed, and which is stated* to be ¢ == «84 
for achannel with masonry sides and bed (which nearly corresponds to the 
case of the Soldni Aqueduct) with ‘hydraulic mean depth’ of 74 (= 
9’ x 85’ — (9 + 85’ + 9’). 

The Mean Vetocitigs so calculated are shown in Col. 11 of Table 
XIII., deduced from the observed Surface- Velocities (Col. 10) combined 
by pairs so as to eliminate ‘ personal equation.’ 

The Discrepancy between the Mzan Vexocity as dedaced from the 
Experiments with Rods (Col. 8), and as calculated from Bazin’s For. 
mula (Col, 11) are shown in Col. 12. 

It will be seen that the Results of Bazin’s Formuls are generally higher 
by =}, of the whole, and on the average of one Smrizs (No. 16 R.), higher 
by only ,), th part. It may be inferred that— 4 


$ 


* See Darcy-Bazin Report, pages 157 to 161, and Table No. 4, pago 329; or N. W. P., P, W. 
Irrigation Circular, No, U of 1874, pages 2,8, and Table II. 
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“ Bazio’s Formula (U = ¢. 2.) gives the Mean Veociry from observa- 
tions of central surface-velocity in rectangular masonry channels of 
large size (85' wide) and of ‘hydraulic mean depth’ about 7°5, at > (45), 
least as correctly as it can be measured éhg numerous observations with | 


A] 
Rods, woonsseese $F SORT OOHF HHHRSHTOOD SO DEED ONE DED ssnmese eueevebenre one aevecens da tevengeses 


[There are no Results in the Mississippi Report which can be compared with the 
figures of Table XIIL, the directions in the Mississippi Report being in fact to com- 
pate DISCHARGE by observations of MEAN VELOCITIES in many vertical planes, 98 
has been here attempted by use of Rops, It would be very desirable to attempt the 
measurement of Discharge by measuring Mid-depth Velocities (Art. 62) as recom- 
mended in the Mississippi Report. Time did not admit of this this season]. 

75. Vertical Velocity-Curves.—The Experiments with Rods at 
every foot of depth were so numetons, (Series 10 R., 11 R., 12 R.) that it 
was hoped that the forms of the Vertical Velocity-Curve might be in- 
vestigated from them. An attempt was made in this direction to calcu- 
late the velocity at each foot of depth from the observations with Rods 
by a slight modification of the Theory of Art. (69), (which is supposed 
to be the most correct now obtainable). 

To apply this, it was necessary—since the Rons were used only at 
each successive foot of depth—to make the additional hypothesis that 
the effect on the Rod’s motion was the same as if the velocity were 
uniform throughout each foot of depth, and then suddenly varied. 

[Some such hypothesis must always necessarily be made in reduction of observa- 
tions at points separated by finite intervals]. 

By the repeated application of (Eq. 36A), which may for this purpose 
be writtea— 

» -t- (v — u)? — Ossczas sep sesesscer cesses (GOB), 


the velocities (v,, v,, v,, &c.,) at middle of each successive foot of depth 
were calculated. 

The Results were—as perhaps might be expected from the rough 
nature of the hypothesis made above—very far from regular. 

As the calculation, though simple, is very laborious, it seems unneces-~ 
sary, in consequence of the aeregulenty o of the Results, to explain it in’ 
detail. 

It will suffice to say that the general Result was similar to that shown 
by use of the “gIwin Balle”, Art. 65,—as might be expected, since the | 
Theory here adopted for the motion of the “Twin Balls” and “ Rods”, 
(Art. 65, 69), is identical in, principle,—viz., that the Vertical Velocity | 
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Curve deduced from use of the ‘ Single Balls” was too flat; the Curve 
resulting from the calculation just explpined was in the main similar to 
that resulting from the use of the “ Twin Balls,” see lower Fis 9 of 
Plate VII. 


It will be seen also that Result (41) is hereby established, that— 
“Experiments with Rods are not well suited to discovery of velo-.| (14) 
‘ City-VATIAtiON,”’ .ecsessssecerccsccecces POE TEHER SOTHO EO SE CETEOUHOS OER EOHED 
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CHAPER V. 
SUMMARY AND CONCLUSION. 


76. Summary of Results.—For facility of reference a Summary 
of the Results of this Paper are here collected: the Results are not ar- 
ranged in the order in which they occur in the Text, but in that which 
seemed most convenient for exhibiting the Results at one view :— 





| Art. 





Result No, 





eon sees 


The term VELociry in Hydraulics means usually only the 8 DEF. 
Resolved part of the Actual Velocity parallel to the axis of thel | 
current; for mere Discharge-measurement this is a more useful 
quantity than the actual Velocity. 

FrxepD INSTRUMENTS are—in consequence of the delicacy off 1Q—I 
observation required—in general (the “Current Metre” excepted) 
suitable only to positions where a steady support can be secured ; 

i, e., only to small streams, and to observations close to margin 
in large streams. 

FREE INSTRUMENTS are alone suited in general to large) 49—~I 
streams. 

FREE INSTRUMENTS do not measure the VELOCITY ata point; 4Q—II — 2 
but only the AVERAGE VELOCITY (the term Velocity being 
taken as above defined) along the Stream-line throughout their 
Run: for mere Discharge-measurement this is quite as useful 
& quantity as the resolved part of the actual Velocity at a point 
would be. 

No ‘Free Instrument’ yet invented for measurement of Sub-| 37 
surface-velocity in a large stream is quite satisfactory. ; 

The Conditions which should be fulfilled by an Instrament] 38 Tame 0? 
of “direct observation ”’ are essentially inconsistent, and can oa 
therefore be only partially satisfied together. 

Instruments of “Indirect observation” labor under the dis-| gg 
advantage of depending on some hypothesis of law of finid 
pressure. Most “ Fixed Instraments” have this disadvantage. 
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Art, | Result No, 
























Of the four Subsurface-Instruments tried, and as construct 
Jor these experiments :— 

The “ Single Ball” fulfils all conditions except—(the most 
important for an Instrument of “ direct observation ”)—that its 
surface-float is not small enough for the effect of surface-action 
on it to be fairly negligible, 

The “Tin” fulfils that condition in the highest possible de- 
gree, but fails in not exposing a constant surface directly and 
laterally to the current, and in not retaining itself at a constant 
known depth. 

The “ Twin Balls” depend for their utility on a hardly certain 
Theory, and the observational requirements of that Theory are 
very difficult to fulfil : they are, therefore, liable to more irregu- 
larity than the “Single Ball”. 

Wood is too hygroscopic to be a really suitable material for 
these Instruments for delicate observations: metal would be 
preferable. 

The “Single Ball’ made in metal would probably be as good 
a Sabsurface “Free Instrument” as could be desired. 

The “‘ Rod ” is not well suited for experiments to investigate 
lawa of fluid motion, 

and is useless as an Instrument of precision for measarement 
of Mean Velocity of a vertical plane ; 

but the discrepancy between the Velocity of a Rod and the 
Mean Velocity through its length is not so great as to interfere 
seriously with its practical use for Discharge-measurement. 


The Motion of a large body of water is UNSTHADY, (even in 
a uniform channel of great length), 2. ¢., the velocity at a point 
varies considerably from instant to instant. 

Single Velocity-measurements are therefore incomparable un- 
less simultaneous, a condition generally impracticable. 


The AvERAGH VELOCITY ata point taken through a long| | 


interval of time, is sensibly constant under similar external con- 
ditions (of wind, depth, &c.) 

Average-Velocity-measurements derived from very numer- 
ous observations are therefore alone comparable, and not single 
measurements. 

Hydraulic Experiments § in general must therefore necessarily 
be very tedious and consequently very expensive. | 

Comparative Experiments with different Instruments are 
therefore also very tedious, : 


Horizontal Velocity-Curves and Vertical Velocity-Curves de-| 


“pending cn single Velocity-measurements are very irregular. 
But the areas of the Surface Velocity-Curve and Mid-chan- 
nel. Vertical Velocity-Carve (computed from many ordinates 
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| | art, | Resutt No. 








é, e., velocities measured—not simultaneously—-but in succession) 
are epproximately constant. 

There is a probability, therefore, that. the (superficial) Dis- 
Charges across the surface, and in the mid-channel Vertical plane 
are approximately constant. 

The Surface-Velocity Mean Curve is strikingly sagulae and 
is symmetrical about mid-channel in a symmetric uniform chan- 
nel of great length. 

Its form depends on the figure of the cross-section. 

In a very wide channel (breadth not < 9 x depth), itis a 
very flat Carve. 

‘In a rectangular section in masonry with a depth = , of 
breadth it is approximately a “ quartic ellipse’ whose equation is 
au y* | 

ug TBF 


Il 


= j 


The Surface-Discharge in same case 
== ‘927 x Central Surface-Velocity x Surface breadth. 

The Surface-velocity near the margin decreases very rapid- 
ly with proximity to the margin, and at the margin itself is 
extremely small, perhaps zero in case of straight margins of 
great length. 

There is a constant surface-motion from the margin towards 
the centre, most intense at the margin. 

The AVERAGE CENTRAL SURFACE-VELOCITY varies at same 
place on a calm day nearly as the square root of the central 
depth, or as the square root of the hydraulic mean depth. 

The Mid-channel Vertical Velocity Mcan Curve is strikingly 
regular, and is approximately a common parabola, whose equa- 
tion is-— 


12 
14 


16 


16 


24 


(2 — ZP = p (VV — 2) 
whose Axis is usually below the surface at a depth (Z) depend- 
ing on the state of the wind, 

and whose parameter increases very rapidly with the depth, 

The Mid-channel Mid-depth Velocity is variable from instant 
to instant, 

but the average of the same through a long time exceedal| 
the Mid-channel Vertical Plane Mean Velocity (U) by a very 
small fraction ; and is, therefore, convenient as a practical mea- 
snre of. that Mean Velocity, | . 

“The form of the Curve is hardly well capi determined {to 
be a common parabola) to admit of the Bottom Velocity being 
thence inferred. 

‘The line of maximum Velocity of a Vertical Plane is highest 
‘at Mid-channel, and is more: and more oes further from 
Mid-channel. 
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The Velocity of a“ Rod” iz variable from instant to instant 72 
but its average velocity over a long time is sensibly constant. 72 | | 
“Mean Velocity Curves depending on single Mean velocity-| 73 | 1°, 2° 
measurements are irregular. | | 


Bat their Area is nearly constant, showing that the (cubic) 73 | 8 
Discharge is nearly. constant. 
| The Mean Velocity Mean Curve is very regular, and very} . 93 4° 
much flatter than the Surface-Velocity Mean Curve. 
_ The Mean Velocity of a. rectangular section, 85' x 9',in ma-| . 94 44 


gonry, computed from Mean Velocity-measnrements with (Rods) 
does not differ from the Mean Velocity of the Darcy-Bazin Re-~ 
sults more than the probable observation-errors. 





77. Further Experiments desirable.—Liurration NmOESsARY. 
—The present Experiments lasting only four months, are of course only 
a small contribution to Exprrimentat Hypravuics. It is to be hoped 
that they will be only the beginning of an extensive Series of Experi- 
ments in India, prolonged over several years under varied conditions on 
a large scale, 

The Text will have shown numerous points on which farther Experi- 
ment is very desirable. Bat some limitation seems urgently required to 
prevent Experiments being too diffuse, so as to secure some practically 
useful Result within a reasonable time. 

It might seem for instance desirable for the advancement of Hyprav- 
tac Scrence to aim at the discovery of the 


“FIGURE and Size of the “ Velocity-Surface * for the most “ useful cree fe 
tions in masonry and earth in a “uniform Channel of great len } 


giving thereby the ‘ velocity ” (u) at any point of a oross-seoticn as a 
fanction of— 

. (a), the central surface velocity (tte )s ' & 

(8) the co-ordinates (y, z) of the point, | 

(c), the several dimensions (2, H, &c.,) of the.cross-section. 


So that in fact, / being now a known function 

| u = f (Uo; ¥, z, 4, H, &e.) 
from which the Discharge would be at once eeeelahis by reduction of the 
a a | | 
= ney Def oe de, : 
, which might be done in a form suited to practical men once for all. 
Nevertheless, it appears. to the Author—after the experience of this 
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season——that the above Result could not: bi looked for within any reason- 
able Expenditure of time and money, unless some very much more ex- 
peditious mode of ascertaining the Avsrace Vexoorry along a “stream 
line” can be discovered then by the use of Floats, as in these Experiments, 


{Thus it appears from Art. 33, that about a fortnight’s work is necessary for the dis- 
covery of the FiGURE and SIzE of a single “ Horizontal Velocity Mean Curve”, so 
that the establishment of the Fiaure and Size of the whole “ Velocity-Surface ” 
would necessarily take many weeks, during which the Canal must be maintained af 


uniform depth of flow at the chosen section]. 
This will be understood to be the consequence of the motion of water 


' not being technically Srmapy, but only an Average Stzapy Moron. 
(The important consequences of this were of course only gradually realized in the 


course of these Experiments. 
78. Direction of Experiment recommended.—The following 


seems to the Author the best Course for future Experiments in order, to 
realize some practically useful Results with a reasonable expenditure of 
time and money, viz 

1°. “To verify whether the Mean Vevocity past any vertical what- 

ever is approximately the same as the mid-depth ‘velocity’ 
on that vertical.” 

2°, “To verify whether a ‘ Rod’ sunk to nearly full depth measures 

approximately the Mean Vevoorry of its plane of motion, in 
any vertical plane whatever.” 

At present these two facts can only be said to have been verified (by 
the Mississippi Experiments, and by the present Experiments) for the 
mid-channel plane. 

If either 1° or 2° can be verified for all vertical planes (as well as the 
Mid-channel plane), practically useful Results could be comparatively ra- 
pidly developed. Thus experiments would then be directed (as in Art. 73) 


to ascertaining the 
“Figure and 81zE of the MEAN VELOCITY MzAN CuRvE for the most nse- 
:ful Cross-sections in masonry and earth in a uniform channel of great 


length” 9 CORE MeOe DATOS eeROE senda eUDa Tse ceHeROD veces dereseeerD Ceereeeee eneemes ' pebdeceteneses 
_ giving thereby the Man Vaocrry (U) on any vertical line es a function of 
(a), the mid-channel Max Vexocir (U,), ae 
(8), the abcisses (y) of the line, : 
(c}, the several dimensiona (2, H, &e.) of the cross-section. 


Besides which, Experiments would be required towards determining the 
Mid-chanael Mean Velocity (U,) as a fanction of the central Surface-Velocity 
(4), and of the several dimensions (3, H, &c.) of the crosssectlon.....sersoese ad 


... SUMMARY aa CONCLUSION. 199 


Bo that in fact Si o being: then known fanctions, 
| 7 > £ (Us) y, , H, Geeseeesest)y 
= o (u,, H, &.) | 
From ba U_would be calcnlable in terms of the aan dimensions (b, 
H, &o.) of the eross-section, and of a single (the central) murincs-relocity 
(u,) to be obtained by actual observation. 

Buch a “Mean Curve could (it is believed) be generally determine Jor 
any one central depth with safficient accuracy in about a fortnight’s Wark, 
provided the canal could be kept running steadily at one level throughout 
that time. oe 

For each foot of central depth, the Mzan-Vexocity Mean Curve should 
be separately determined. _ 

This would complete the really necessary Experiments at one sec- 
tion. 

79. Canau Exieencies.—The requirements of Canal administration 
would certainly not admit of a Canal being run at one level for a fortnight, 
and then at successively lower levels, foot by foot, for a fortnight each 
(or whatever the time required might be). 

But, it is presumed, that Canal requirements would admit of a Canal 
being run at different levels constant for a considerable period together at 
different seasons of the year. If this be feasible, it would be quite pog- 
sible by continuing experiments through more than 12 months, to gradu- 
ally obtain a fairly complete Set of the Mzan-Vetocity Mean Corvas, 
for a number of different sections, the observing party shifting from se¢- 
tion to section as fast as one Mean Curve was completed, so long as the. 
Canal remained of constant level, and retracing their steps over the same 
ground, when the Canal level was altered. 

In this manner the Mzan-Ve ocrry Mean Curves for several differ- 
ent central depths might be determined at several of the most useful sec- 
tions in the course of a year. | 

80. Preliminary Experiments on Instruments required.— 
But before projecting Experiments on this large scale, preliminary Eixpe- 
riments are urgently required on the various means of measuring Subsur- 
face- Velocity, as it is no use making Experiments on a large scale until 
Instruments have been discovered, which will command general confidence. 

Some means of greatly i increasing the rapidity of observation, £ ¢.; of 
' arriving at the. Result really required, viz., the AvERAGE Vanooiny i ina 
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Stream Line, much more quickly. than by. the tedious Method wwe in. 
‘ ‘these Experiments, is algo a desideratum. 

The rapidity of observation with Furx a (Floata) vould 
“not be. greatly increased, without reverting to the Two Chronometer: 
Method, which would greatly increase the labor of reduction. | 

. The only Instrument which seems likely to meet this desideratim—of 
giving the average Vetoorry tolerably rapidly,—in a large Canal or 
River, is the Current Metre, which was successfully employed by M. aad 
in the Parana Experiments. 

81. Expense of Experiments.—The present (four months’) Expe- 
rimenta have cost up to date about Rs. 1320. 

But, in consequence of the small scale on which they were done, it has 
been possible to do them at a much smaller proportionate cost than could 
be managed, if the scale were increased ; most of the expensive * Plant” 
having been lent to the Author on this occasion, a favor that could not 
be looked for on a larger scale; the chief expenditure has, in fact, been 
on Establishment. , 

The cost of an “ observing unit” may be estimated as follows, exclud- 
ing the cost of Superintendence : 


PLANT. | RS. 


2 Chronometers,@ Rs. 700 .. “ a «- 1,400 
_ 2 Boats, @ Rs. 350 a aa es re ~» 700 
1 Anemometer, @ Rs. 100 ee os ee -» 100 
& Chains, Surveying, @ Rs. 10... ae oe oe 50 
.. 2 Twelye-Foot Rods, @ Rs. 5 .. ee oe vs 10 
“ 1 Pitot’s Tube, with latest improvements <<. at ee 150 
1 Current Metre, ditto ditto oe oe «» 150 
2 Tents and Necessary ae a oe ee 450 
. Petty Apparatus (Floats, Rods, &c.,) ne ae e«. 600 
a “ESTABLISHMENT AND CONTINGENCIES, 
2 Earopean Overseers,@ Rs.125 » 250 
9 Boatmen and “Classics,” ares ee 10} 850 per mon 
Contingencies we ve oe 60 


‘The charge for Puawr would of course be incurred, once for all, but that: 
for EstaBLisHMEnt would be ee iii to Re. 8,000 —— | 
for one “observing unit.” | 
_ Additional spare Plant should of course be. viento’ as in case of 
3 injury or fracture of any of the original Plant, the whole Party would be | 
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thrown, tempacarity: for even a permanently) out of work, and. the exp en 
sive Establishment charges needlessly incurred. 
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